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ABSTRACT

Perhaps the most influential device in modern society is the smartphone. Over 90% of
Americans aged 18-29 own a smartphone and 74% of teenagers reported using a smartphone as
their primary internet connection. Students perceived that using smartphones in the classroom
aided learning. However, two-thirds of American high schools ban students from using phones in
the classroom. Secondary science curriculum focuses on subjects that regard the biodiversity of
plant and animal species, but disregard the student’s ability to identify species. Consequently,
secondary students in general are very poor at identifying species of trees. Previous research
supports the idea that advanced smartphone applications in student centered learning
environments can improve achievement and motivation. There is little in the agricultural
education literature pertaining to smartphone enhanced learning among secondary agriculture
students. Further, no research has focused on the use of smartphone applications in forestry
education at the secondary level. This dual-purpose study compared achievement levels between
two groups of students in a forestry curriculum learning with smartphones or printed materials
and determined motivational differences between groups. Specifically, one group of students
used the smartphone apps Leafsnap, V-Tree, Tree Book, and Quizlet to identify leaf samples
while a comparison group utilized Leaf Key to Common Trees of Louisiana (Dozier & Mills,
2005), Important Forest Trees of the Eastern United States (Brockman & Merrilees, 1991), and
Louisiana Trees (Hodges, Evans & Garnett, 2015). A non-equivalent comparison group design
was employed. Secondary agricultural students (n = 263) from 13 schools across Louisiana
completed a criterion referenced pretest and post-test created by the researcher via Test
Generator Web©. Motivation was measured using the Course Interest Survey (Keller, 2010).
Data were analyzed using Hierarchical Linear Modelling (HLM) for fixed effects with maximum
v

likelihood estimation to determine if any statistically significant differences existed between the
groups in achievement or motivation. HLM accounted for differences between individual
students in schools and prior knowledge. The analysis rendered no statistically significant
differences between the groups in achievement or motivation. It was concluded that smartphones
do not reduce learning and should be considered a learning enabler in agricultural education
where policy permits.
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CHAPTER 1: INTRODUCTION

Background
In 2009, United States Secretary of Education, Arne Duncan, addressed members of
Congress in a letter which called for “applying the advanced technologies used in our daily
personal and professional lives to the entire education system to improve student learning” (U.S.
Department of Education, Office of Educational Technology, 2010, p. v). The device that has
been most often used in American personal and professional life is the smartphone. Smartphones
have become the leading device for information and communication technology (ICT) among
American teenagers (Pew Research Center, 2015) because in one small device they can talk, text,
email, record video, send pictures, check social media, play games, and watch movies (Smith,
2011). Kaku (2011) posited smartphones of today have more advanced technology than NASA
had in 1969 during the moon landing. Between 1981 and the present, wireless network speed
increased exponentially from first generation analog (1G) to fourth generation long term
evolution (4G LTE) (Sharma, 2013). Demand for smartphones increased because they continued
to become more powerful and less expensive over a relatively short period of time (Shuler,
2009). Smartphones are so intertwined in American culture that an overwhelming majority
reported their smartphone as being indispensable (Chen & Katz, 2009). The most current data
shows that 92% of Americans between the ages of 18 and 29 own a smartphone (Pew Research
Center, 2017) and 73% of all teens reported access to a smartphone (Pew Research Center,
2015).
Approximately 69% of school districts in the United States currently ban mobile phones
in the classroom (Commonsense Media, 2010). However, bans did not effectively stop students
from bringing their devices to schools. Students reported that even though they go to a school
1

with a ban on cell phones, 65% carry them anyway (Lenhart, Ling, Campbell & Purcell, 2010).
The 1:1 classroom initiative referred to a computer for each child and began in 2005 when Maine
became the first state to fund a laptop for each child to personally own (Norris, Hossain, &
Soloway, 2011). Longitudinal studies in 1:1 classrooms report student gains in knowledge and
motivation (Keane & Keane, 2016). Ineffective bans on cell phones by schools (Lenhart, et al.,
2010) coupled with cost savings advantages ushered a trend dubbed Bring Your Own Device
(BYOD) into American high schools (Burns-Sardone, 2014). This personally owned model of
1:1 borrowed from the business world was based on demand from parents for underfunded
schools to embrace 21st century mobile technology (Norris, Hossain, & Soloway, 2011). BYOD
schools are not burdened with the financial responsibility to provide every student with a laptop
or tablet (Norris, Hossain, & Soloway, 2011). This model has allowed students to use their own
personal smartphones and tablets for learning (Ullman, 2010). BYOD has shown promise in
learning and instruction because it was a more affordable way to achieve a 1:1 student to
computer ratio (Norris et al., 2011).
The Evolution of the Cellular Phone
The humble beginning of wireless telephony was ship to ship radio communication for
passengers which began more than a hundred years ago (Comer, & Wikle, 2008). Bulky radio
telephones, called CB radios, made their way into police cars in the 1930’s and eventually were
made available for sale to the public in the 1950’s (Comer, & Wikle, 2008). Design
improvements in size and weight made for more usage of the phone away from automobiles
(Comer, & Wikle, 2008). These first portables, called bag phones in the U.S., sparked a trend
toward smaller phones (Comer, & Wikle, 2008). In 1984, Motorola introduced the 800-g
DynaTAC handset phone (Comer, & Wikle, 2008). Throughout the next two decades several
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companies entered the race for smaller, lighter, and more capable mobile phones (Comer, &
Wikle, 2008).
The Social Construction of Technology Theory suggested that society and technology
influence change, adoption, fulfillment, and needs in one another (Laskin & Avena, 2015). The
desire to communicate while away from home was the original societal need cellular phone
technology fulfilled (Laskin & Avena, 2015). Cellular phone purchases by American parents for
their children followed normal diffusion rates between 1995 and 2001 (Rogers, 2010; Laskin, &
Avena, 2015). However, nationally televised tragedies such as the Columbine high school
shooting and the terrorist attacks of September 11, 2001 added an extra layer of safety concerns
for parents (Obringer & Coffey, 2007). As a result, an adaptive change in parenting ensued as
increasingly, parents desired constant contact with their children (Obringer & Coffey, 2007). As
a result, parents began purchasing cell phones for their children at increasing rates at the turn of
the century (Obringer & Coffey, 2007).
Cellular devices is perhaps the most remarkable technology in terms of worldwide
adoption (Comer, & Wikle, 2008). In 2005, there were almost a billion more cellular
subscriptions than landline telephone connections (Comer, & Wikle, 2008). Further, sales of
smartphones surpassed sales of laptops in 2007 and more people browsed the internet via cellular
phone than traditional computers (Romero, 2011). In the most recent decade, information and
communication technology (ICT) experienced rapid developments lead by the internet capable
cellular device named the smartphone (Christin, Tamin, Santosa, & Miharja, 2014). The
smartphone has changed our daily lives more than any other technology in the past decade
(Romero, 2011). The smartphone incorporated all the capabilities from music players, cameras,
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televisions, Global Positioning Systems, remote controls, gaming consoles, personal computers,
and even replaced routers by becoming wi-fi hotspots (Romero, 2011).
The Ericson Mobility Report to the Mobile World Congress (2015), reported it took five
years for smartphone subscriptions to reach the first billion customers, a milestone that was
reached in 2012. The report added that it only took two more years to reach the second billion
smartphone subscribers. The Ericson report further predicted that in 2020, there would be 5.4
billion mobile broadband subscriptions, which translates to 90% of all cellular phone
subscriptions.
Smartphone Use in Formal Education Settings
Despite the popularity of smartphones, there are still restrictions on their use, especially
in secondary education (Laskin, & Avena, 2015). Most high schools ban smartphones while
university policies allowed student use at the instructor’s discretion (McCoy, 2013). College
students drove the adoption of smartphones in higher education, convinced that technology
improved learning (Gikas, & Grant, 2013). Most high school aged students share the same
argument (Lenhart et al., 2010). One exploratory study on student perception concluded that six
out of ten students believed mobile devices positively influenced their academic success (Gikas,
& Grant, 2013). However, not all students used their phones for learning while in class (McCoy,
2013). In one study, college students reported spending 42% of their time on their mobile
devices updating Facebook and playing games while in class (Laskin, & Avena, 2015). McCoy
(2013) reported that students take up as much as 20% of lecture time on their phones for
purposes unrelated to the lesson.
People born after 1980 are designated digital natives (Williams, et. al 2014; Prensky,
2001) because they grew up with technology, while digital immigrants, born prior to 1980, did
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not grow up using digital echnology (Laskin, & Avena, 2015). Some digital immigrants viewed
smartphones in the classroom as a distraction, opportunity for theft/heinous behavior, or simply a
mode for entertainment (Laskin, & Avena, 2015). In secondary education, cheating was a
concern of both teachers and students as 35% of students reported using their phones for
cheating (Commonsense, 2010; Thomas & Muñoz, 2016). Unsurprisingly, the typical education
administrations’ response to mobile devices in the classroom is to ban them (Laskin, & Avena,
2015; Keengwe, Schnellert, & Jonas 2014). With the rapid development of the technology, some
educators feel intimidated to incorporate applications they do not fully understand (Laskin, &
Avena, 2015). However, O’Bannon and Thomas (2014) found that teacher’s attitude towards the
use of cell phones in the classroom has shifted. As a growing number of digital natives become
classroom teachers, willingness to incorporate smartphones inside the classroom is on the rise
(O’Bannon & Thomas, 2014). Therefore, the goal of educators should be to use students’ passion
towards smartphones to improve academic performance (Laskin & Avena, 2015).
Educational Technology Integration in Agricultural Education
Thomas & Muñoz (2016) conducted a study that identified which popular smartphone
technologies were being utilized by teachers and students. They discovered the most often used
smartphone technologies in classrooms were basic core technologies such as accessing the
internet, calculator, clock, and calendar rather than advanced applications. Studies that measured
achievement gains when comparing teaching with smartphones to traditional methods vary (Liu,
Scordino, Renata, Navarrete, Yujung, & Lim, 2015; Liu & Huang, 2015; Su & Cheng, 2015). A
very small portion of students used more advanced functions of their smartphones for developing
21st century skills such as creating content, posting content online, or recording audio/video
(Bennett, Maton, & Kervin, 2008; Ertmer and Otterbein- Leftwich, 2010; Thomas & Obannon,

5

2014). However, empirical research findings have indicated that when more advanced
applications of smartphones are applied in teaching and learning achievement gains are
significant and students are more motivated to learn (Liu et al., 2015; Su & Cheng, 2015).
Several important studies have described how educational technology was implemented
into secondary agricultural education. One study sampled 203 Louisiana agriculture teachers
using the Kotrlik-Redmann Technology Integration Model (Kotrlik, Redmann & Douglas, 2003).
Results of the study indicated that agriculture teachers in Louisiana were successfully using basic
technology such as email, but were not fully incorporating technology into their curriculum.
Significant predictors of technology integration were the teacher’s own belief in their teaching
effectiveness, computer anxiety, and teachers’ perceived barriers to technology integration. Five
years later, a follow-up study by Kotrlik and Redmann (2009) found that far more technology
integration had taken place in Louisiana agriscience programs. Computer anxiety scores among
the agriculture teachers collectively had decreased, internet availability had increased, and
perceived barriers were smaller. Williams, Warner, Flowers, and Croom (2014) found that North
Carolina secondary agriculture teachers used projectors, laptops, and desktop computer hardware
most frequently. The software used most frequently by agriscience teachers were internet
browsers, word processors, grading/attendance software, and presentation software (Williams et
al., 2014; Coley, Warner, Stair, Flowers & Croom, 2015). Notably, more advanced hardware like
student response clickers and iPads for teaching/learning were reported as not readily available
(Williams et al., 2014; Coley et al., 2015). The use of advanced technology in agricultural
education programs related to the development of 21st century skills (Ertmer & OtterbeinLeftwich, 2010) including contributing to blogs, using social media, creating movies, art and
webcasts were rarely reported (Williams et al., 2014). Students most frequently used computers
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and the internet at a basic skill level to develop presentations or conduct research (Williams et
al., 2014).
The Importance of Forestry Education in Louisiana Agriscience Programs
Trees have always Louisiana’s number one agricultural plant crop (LSU Agcenter, 2014).
In 2014 alone, the Louisiana forestry industry employed 45,600 people with a total earnings
estimate of $2.67 billion dollars (LSU Agcenter, 2014). That accounts for almost 40% of total
value of Louisiana’s entire agricultural industry and 65% of the states total plant agricultural
revenue (LSU Agcenter, 2014). About 50% of the state total land base is forested with 59 of 64
parishes sustainably producing southern yellow pine and hardwood timber (LSU Agcenter,
2014).
Agricultural education consists of three components: classroom, Supervised Agriculture
Education (SAE) program and the National FFA Organization (Phipps, Osborne, Dyer, & Ball
2008). Louisiana secondary agriculture teachers have the local option to teach forestry as a
stand-alone half credit course, or included within Agriculture I, II or III courses (Louisiana
Department of Education, 2003). Through the National FFA Organization, students can compete
in the Forestry Career Development Event (CDE) (Phipps, et al. 2008). Louisiana has
traditionally competed well at the national level with a notable national runner up placing in
2013 and national reserve champion in 2014 (National FFA Organization, 2014). Tree
identification was paramount to success in forestry competitions and was accepted as a skill of
priority for all forestry related industries (Burton, 2010).
Foundational skills in plant species identification are stepping stones to higher
understanding but are neglected in primary schools (Bebbington, 2005). Tree identification is a
foundational skill in any forestry related career, but it often gets overlooked in secondary
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education (Burton, L.D. 2000; Randler, 2008). Research suggested that students have a large
capacity for identification (Balmford, Clegg, Coulson, & Taylor 2002). This capacity for
identification is not likely focused on the natural world. For example, one study revealed that
eight year olds recognized 80% of Pokemon characters but less than 50% of wildlife type’s
native to their area (Balmford et al., 2002). Middle and high school core curriculums overlook
identification of species, yet more complex ideas about relationships between species are often
assessed on high stakes tests (Randler, 2008; Bebbington, 2005). Secondary curriculum for
studies in biology, ecology, botany, and wildlife are focused on subjects that regard the
biodiversity of plant and animal species, but disregard the student’s ability to identify species of
plant and animals (Randler, 2008). Consequently, secondary students in general are very poor at
identifying various species, including trees (Randler, 2008; Bebbington, 2005). This deficiency
in tree identification knowledge belonging to secondary students warranted the experimentation
of modern tree identification teaching methods (Randler, 2008; Bebbington, 2005).
Statement of the Problem and Significance
Today, millennials rely heavily on technology to study and learn as they have grown up
with an iPad® and smartphone in their hands (Prensky, 2001). Digital native students have been
perceived as an academically driven group who required an updated classroom lead by a skilled
teacher armed with the most recent educational technology available (Williams et al., 2014).
Because of this, teaching millennial students has often challenged instructors to employ new
strategies. Millennial students have tended to prefer student-centered teaching rather than
lecture-based teaching methods and they preferred using smartphones as learning enablers
(Williams, et al., 2014; Su & Cheng, 2015). Further, in some studies, smartphones in the
classroom led to increased student achievement (Liu et al., 2015). Students have demonstrated
more comprehension when the most advanced functions of mobile devices were utilized
8

consistently in the learning process (Liu et al., 2015). Young people preferred using their phones
for internet access rather than other computing devices. One study reported that 74% of
teenagers used their smartphone as their primary internet access (Madden, Lenhart, Duggan,
Cortesi, & Gasser, 2013). Lastly, millennial students were motivated by cutting edge uses of
smartphone technologies that allowed them to be creative (Su & Cheng, 2015).
Past studies have been conducted to determine which types of educational technology
agricultural educators utilized (Coley et al., 2015; Kotrlik & Redmann, 2009; Williams et al.,
2014). Most teachers used teacher-centered technology that aided lecturing such as laptops,
desktop computers, digital projectors, and PowerPoint (Coley et al., 2015; Kotrlik & Redmann,
2009; Williams, et. al 2014). Additionally, research has shown teachers also need training to
effectively employ educational technologies. An overwhelming majority (95.5%) of Louisiana
agriculture teachers claimed they were self-taught in terms of technology use (Kotrlik &
Redmann, 2009). Additionally, age and experience shows effects towards teacher attitudes on the
usefulness of technology (Stewart, Antonenko, Robinson, & Mwavita, 2013). Experienced
teachers reported technology as a way to improve achievement and engagement while younger
teachers reported that technology best aids in classroom management (Stewart et al., 2013).
Research has shown the availability of technology does not necessarily translate into
maximized integration of technology (Coley et al., 2015). Mindset and attitude towards the
usefulness of the technology was a determining factor of agriculture teachers implementing it
into their teaching (Cullen & Green, 2011). Competency studies have identified the need for
agriculture teachers to receive professional development that will train them on utilization of
advanced technologies and help overcome second level barriers (Bunch, Robinson, Edwards, &
Antonenko, 2014; Coley et al., 2015; Williams et al., 2014). Positive attitudes about technology
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and high teacher motivation are two variables highly related to technology integration in
agriculture classrooms (Kotrlik & Redmann, 2009).
There is little in the agricultural education literature pertaining to smartphone enhanced
learning among secondary agriculture students. Additionally, no research has focused on the use
of smartphone applications in forestry education at the secondary level. Furthermore, little is
known about how teaching a forestry curriculum with advanced smartphone tools would affect
student achievement in leaf identification. Lastly, little is known as to how teaching with
smartphones in the context of leaf identification would affect student motivation. Therefore, the
principle question that arose from the literature was what effect does smartphone teaching
methods have on Louisiana high school agriculture student achievement for students engaged in
a leaf identification unit? Furthermore, do smartphones increase student learning motivation?
Purpose of the Study
This dual-purpose study (a) compared achievement levels between two groups of students in a
forestry curriculum learning with smartphones or with printed materials and (b) determined
motivational differences between those groups. The following research questions guided the
study:
1. What are the personal and educational characteristics of students enrolled in agriculture
courses offering a forestry curriculum in Louisiana?
2. What difference existed in pretest and post-test leaf ID scores between students learning
through smartphone technology and students learning through printed materials?
3. What differences existed in student motivation (e.g., Attention, Relevance, Confidence,
Satisfaction, and Motivation) between students learning through smartphone technology
and students learning through printed materials?
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Null Hypotheses
Ho1:

There were no statistically significant differences in leaf ID pretest and post-test scores
between students learning through smartphones and students learning through printed
materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho2:

There were no statistically significant differences in Attention between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho3:

There were no statistically significant differences in Relevance between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho4:

There were no statistically significant differences in Confidence between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho5:

There were no statistically significant differences in Satisfaction between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho6:

There were no statistically significant differences in Motivation between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)
Scope of the Study
Agriculture teachers (n = 155) were surveyed during FFA leadership camps in July 2016.

Bulletin 741 required that all secondary Louisiana agricultural educators attend summer camp in
order to maintain 12 month employment status. Teachers were surveyed for demographic data,
11

information pertaining to their school board policy on smartphone use in schools, forestry
teaching competency, and teacher attitudes towards smartphones as an educational tool. As an
attempt to reduce teacher effect, teachers who had little or no experience teaching leaf
identification were purposefully asked to participate in the experiment. Twenty-two teachers who
volunteered to participate in this study served in a one day workshop pertaining to the
identification of Louisiana trees at the Louisiana Agriscience Teachers Association annual
conference in Vidalia, Louisiana on July 26, 2016. This study sample was comprised of 263
secondary agriculture students from 13 different Louisiana high schools.
Seven teachers taught the treatment group students and participated in a second workshop
in August focused on using smartphones as a leaf identifier with the mobile apps: Leafsnap, Vtree and Tree book. The formative assessment application called Quizlet was also part of the
training. Teachers were trained how to create a Quizlet account and join the leaf identification
class their students would use for formative assessments.
Six teachers taught the control group students and participated in a second workshop
where they learned how to teach tree identification using printed field manuals. These manuals
were: Leaf Key printed by the LSU Agcenter, Important trees of the Eastern United States
produced by the U.S. Forest Service, and Louisiana Trees produced by the Natural Resource
Conservation Service (NRCS).
Both groups were also taught how to log-in to Test Generator Web©, a web-based testing
service owned and operated by Fain and Company®, used for the pretests and post-tests. Both
groups were provided strategies to allow students to use the resources independently for tree
identification. The teacher was to provide facilitation, but not tree identification expertise.
Further training involved the use of formative assessments using both technology and paper
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based methods, depending on the group, to master identifying the 30 species chosen by the
researcher for this experiment. Both groups were given researcher created lesson plans, color
photocopies of the leaf species collected by the researcher (see Appendix G), and index cards
with the tree names printed on them. Student participants were enrolled in an agriculture course
offering a forestry unit taught by a teacher who attended the training seminar(s) in the academic
year 2016–2017. In all, 263 students participated in the study in which 128 received the
treatment and 135 were in the comparison group. Data were collected between September 19th
and September 29th, 2016.
Assumptions
The following assumptions were made regarding this study:
1. Students performed to the best of their ability when participating in the lessons.
2. Students performed to the best of their ability when completing the tests.
3. Teachers presented the lessons as they were intended by the researcher.
4. Teachers in the control group did not use any mobile based computing technology to
teach leaf identification or take formative quizzes.
5. Treatment group teachers allowed their students to utilize smartphones every day of the
experiment to identify trees and take formative quizzes.
6. Treatment and control group teachers did not discuss the experiment before or during its
implementation.
7. Students preferred student-centered learning rather than teacher-centered learning.

13

Delimitations
A purposeful sample of teachers was chosen based on preliminary data collected during
leadership camp in July of 2016. The last question of the survey allowed teachers to leave
contact information if they wished to participate in the study. Those who left contact information
were invited to the initial training and became the sample.
Limitations
The following limitations should be considered:
1. Full power of random assignment was not utilized to select participating schools;
therefore generalizability cannot extend beyond the participants in the study.
2. Variability, such as competence/interest in forestry or time of day forestry was taught,
may have existed between schools in the study. Teacher effect may also be a limitation as
factors such as years of experience, enthusiasm, and knowledge about forestry may have
impacted teacher performance.
3. Non-treatment related variability, such as student background, prior knowledge or some
other construct may have existed between the treatment and comparison groups.
Definitions of Terms
Agricultural Education is the teaching of agriculture, natural resources, agri-business
and leadership through hands on experience and guidance to prepare students for entry level
jobs, post-secondary education or advanced agricultural employment (Phipps, et al. 2008).
Cognitive learning theory emphasizes mental models and metacognitive processes that
project the expert view. Linked to the creation of tutorial software (Anderson, Corbett,
Koedinger and Pelletier, 1995).
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Computer Based Assessments (CBA) is the full use of multimedia to deliver
assessments that allow feedback and space/time flexibility (Kim, 2015).
Forestry is the science of planting and managing forests for specific purposes such as
timber production, conservation and recreation (Burton, 2000).
Formative Assessment is carried out during the learning process which intends to
provide students with an opportunity for feedback that in turn enables them to improve on
subsequent tasks. Furthermore, it allows the instructor to assess where the students are at in
terms of comprehension (Jiao, 2015; Lavene & Seabury, 2015).
Guided inquiry learning is a constructivist based, student-centered, learning method
whereby students discover answers through exploration of meaningful questions. In guided
inquiry the teacher’s role is to stimulate inquisitiveness rather than dispense knowledge
(Kuhlthau, Maniotes & Caspari, 2015).
Hierarchical Linear Model (HLM) is a statistical technique that permits the modeling
of multilevel differences encountered in individuals and schools (Raudenbush & Bryk, 1986).
Mobile Learning (m-learning) learning that happens when a learner takes advantage of
opportunities offered by mobile technology (O’Malley, Vavoula, Glew, Taylor, Shaples, &
Lefrere, 2003).
Scaffolding the teaching (explanation) technique where an expert facilitates a learners
transition from assisted to independent execution (Ozan, 2013; Berk & Winsler 1995 &
Vygotsky 1986).
Smartphone is phone built on a mobile operating system with more advanced
capabilities and connectivity than a regular cellular phone (Seneca, 2013).
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Summative Assessment test given at the outcome of a unit of teaching in order to
evaluate student learning (Kim, 2015).
Test Generator online test-making software designed to help streamline the process of
test creation, delivery and administration to generating reports and analyzing results (Fain,
2016).
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CHAPTER 2: REVIEW OF LITERATURE

Introduction
Chapter II is composed of related literature addressing the impact of smartphones as an
instructional delivery aid on student achievement and motivation in regards to agricultural
education. The review has been divided into the following sections: (a) Purpose of Secondary
Agricultural Education, (b) Student-centered Teaching and Learning (c) Smartphone Enhanced
Learning (d) Motivation (e) Theoretical Framework, and (f) Conceptual framework.
Purpose of Secondary Agricultural Education
History of American Agricultural Education
In 1794, the Philadelphia Society for Promoting Agriculture lobbied for legislation in
Pennsylvania that would fund a “state society for the promotion of agriculture and connecting it
with the education of youth” (True, 1929, p. 8). Although that particular bill failed, it was but
one example of early attempts by agricultural societies in America to get agricultural education
established (True, 1929). Manual labor schools and agricultural academies dotted the landscape
of the Northeastern United States during the early 1800’s (True, 1929). Research pertaining to
agricultural education soon followed. The first appropriation for publishing articles on
agricultural education that congress ever passed was in 1839 (True, 1929). Adequate funding
became agricultural educations greatest need in the middle of the 19th century. Justin Smith
Morrill authored the first land-grant bill meant to provide facilities and funding for colleges of
agriculture in 1857 (True, 1929). The need for farmers to receive applied scientific research
stimulated the passage of the Hatch Act into law in 1887 (Hillison, 1996). This act provided
federal funding for agriculture research stations within the land-grant college system (Hillison,
1996). Between 1881 and 1889 private and state funded agricultural schools were established in
17

Connecticut, Rhode Island and Alabama (True, 1929) and various types of secondary agriculture
classes were being taught (Foor & Connors, 2010; Stimson & Lathrop, 1942). During this time,
corn clubs aimed at stimulating agriculture education in public schools began to spread
(Uricchio, Moore & Coley 2013). It was the passage of the Vocational Education (SmithHughes) Act of 1917 led by Charles Prosser that secured federal funding to train supervisors,
directors, and teachers of vocational agriculture (Foor & Connors, 2010; Roberts & Ball, 2011).
A dichotomy in philosophy towards the purpose of secondary vocational education existed
between educational leaders at the time (Roberts & Ball, 2009). David Snedden and Charles
Prosser supported social efficiency (Gordon, 2003) and argued public vocational education
should train youth in specialized industrial skills in order to ensure gainful employment for the
average graduate (Snedden, 1910). John Dewey contradicted Snedden publicly and argued
vocational education be blended with academics to facilitate lifelong learning and well-rounded
graduates (Roberts & Ball, 2011).
The Smith-Hughes Act of 1917 funded state systems to train secondary students whose
purpose was to learn practical skills to be used in farming (Stimson & Lathrop, 1942). Prior to
the passage of the Smith-Hughes Act, agricultural education in secondary settings was more
academic in nature and often a pathway to admission into the local land-grant college (Stimson
& Lathrop, 1942). The influence Snedden had with policy makers (Roberts & Ball, 2011)
impacted the language of the Smith-Hughes Act and granted oversight of agricultural education
to the Federal Board of Vocational Education (Hillison, 1996). This resulted in a perceived loss
of emphasis on academics in agricultural coursework and gave prominence to skills training in
vocational agriculture classes (Hillison, 1996). For the next five decades vocational agriculture
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departments trained the workforce that would make America the global leader in food production
(Conroy, Dailey, & Shelley-Tolbert, 2000).
During the 1980’s and early 1990’s, shifts towards integrating science and technology
into agricultural education reflected the evolution of the agricultural industry and governmental
influence on educational policy (Balschweid & Thompson, 2002). Agents of this change
included the National Commission on Excellence in Education (NCEE), the U.S. Department of
Labor Secretary’s Commission on Achieving Necessary Skills (SCANS) report, and the National
Research Council (Balschweid & Thompson, 2002). Following this trend, the 1983 publication A
Nation at Risk called for a requirement that all graduating high school students receive credit in
computer science (NCEE, 1983). Similarly, Understanding Agriculture: New directions for
Education called for integration of science into agricultural education in order to prepare
students for the broadening demands of the agricultural industry which had become decreasingly
farm related (NRC, 1988). The United States Department of Labor identified (a) resources, (b)
interpersonal skills, (c) information skills, (d) system skills and (e) technology utilization skills
as five necessary competencies for the workplace (SCANS, 1991). Chairman William E. Brock
stated “our mission must be to bring the progressive forces of this country to bear on those
changes in public education which would allow us to meet the stated objectives” (SCANS,
1991).
The demand for technology literacy ushered in even more changes. The No Child Left
Behind (NCLB) Act of 2001 included recommendations for technology literacy courses to eighth
grade students and frequently referred to technology as an important enabler for teacher
effectiveness and student achievement across curricula (Culp, Honey, & Mandinach 2005). A
study group for the National Association of the State Boards of Education (NASBE) advocated
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acceptance of electronic learning (e-learning) nationwide (NASBE, 2001). Essential funding
necessary for postsecondary and secondary agricultural education departments in 44 states to
obtain educational technology since NCLB largely came from the Carl D. Perkins Vocational
and Technical education Act of 1998 (USDE, 2005).
History of Louisiana Agricultural Education
The first mention of an agricultural education curriculum in Louisiana high schools came
in 1904 at an educational conference by the state Superintendent of Education James B. Aswell
(Stimson & Lathrop, 1942). Later, the superintendent of Avoyelles parish schools, Dr. V.L. Roy,
was appointed inspector of agriculture in Louisiana public schools (Stimson & Lathrop, 1942).
Between 1905 and 1910, Dr. Roy enrolled nearly 6,000 boys in corn clubs in 45 parishes. Each
boy was expected to farm an acre of land in corn under the supervision of an expert (Stimson &
Lathrop, 1942). In order for a high school to offer agriculture courses they needed (a) five fenced
acres of land, (b) a barn with five stalls, (c) science lab facilities, (d) tools, (e) a $250
appropriation, and (f) approval from Dr. Roy (Stimson & Lathrop, 1942). Professor Roy limited
the number of high school programs to twenty initially (Stimson & Lathrop, 1942). However, in
1910 the legislature approved $25,000 for the development of agriculture departments in high
schools across the state (Stimson & Lathrop, 1942). The State Director of Agriculture Extension,
E. S. Richardson was tasked with developing a curriculum and overseeing the creation of the
departments (Stimson & Lathrop, 1942).
Passage of the Smith Hughes Act in 1917 funded 16 white and five African-American
agriculture departments in Louisiana and resulted in a total enrollment of 323 boys (Stimson &
Lathrop, 1942). In 1940, those numbers had grown to 205 white departments and 77 AfricanAmerican agriculture departments with a total enrollment of 10,801 boys taking daily
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coursework in agriculture (Stimson & Lathrop, 1942). Louisiana State University initiated a
teacher training department in 1917 with J. G. Lee junior as the first teacher trainer on record
(Stimson & Lathrop, 1942).
The first FFA chapters were formed in 1927 at Benton and Eunice (Stimson & Lathrop,
1942). These chapters were called the Future Pelican Farmers and were much like the
organization for farm boys in Virginia created by Henry Groseclose (Stimson & Lathrop, 1942).
In 1929, Louisiana received charter number 44 from the National FFA organization and elected
officers for the upcoming year (Stimson & Lathrop, 1942). Currently, Louisiana has 188 FFA
chapters with approximately 9,800 active FFA members taught by 244 FFA advisors (Louisiana
FFA, 2016).
Forestry Curriculum in Louisiana Agricultural Education
The Louisiana Board of Elementary and Secondary Education (B.E.S.E) is the states’
educational legislative body that enacts educational policies and regulations and hosts the most
recent agricultural curriculum framework for Louisiana. Bulletin 106 (2003) is a restructuring of
the Louisiana Agriscience/FFA program inspired by the National Governors Association, A
Nation at Risk (1983), Understanding Agriculture: New Directions for Education (1988) and
Agricultural Education for the Year 2020. Other projects such as the Southern Region Education
Board’s High Schools that Work, school to career legislation, and national education reform
efforts initiated changes to the curriculum from an emphasis on learning about agriculture by
lecture and reading, to learning about agriculture through inquiry and investigation. Furthermore,
Bulletin 106 emphasized integrating science and agriculture, as well as viewing teachers as
facilitators of learning, primary curriculum developers, and change agents (Louisiana
Department of Education, Bulletin 106, 2003).
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Under Bulletin 106 (LA D.O.E., 2003) Forestry is cross-referenced with environmental
management standards. This benchmark directed teachers to focus on (a) tree identification of
major species used in industry, (b) forest management (i.e. insects, fire, disease, laws), (c) forest
products, (d) harvesting, (e) reforestation, and (f) measurement of land and timber. The
curriculum for the stand alone Forestry course requires additional units in forest ecology,
wildlife, job seeking skills, and pulp/paper products (LA D.O.E., 2003). Overall, there are twelve
units of instruction which include a content guide for each unit in this curriculum. All units are
aligned with standards in agricultural literacy, personal development, agribusiness,
biotechnology, animal systems, plant systems, environmental management, agricultural
processing and agricultural technology (LA D.O.E., 2003).
Tree Species Identification
Knowledge of trees that are of commercial, aesthetic, or wildlife value is an important
component if the value of forestry to the state’s economy is to be realized (Louisiana FFA,
2016). Furthermore, tree identification is a basic skill that leads to more advanced studies in the
plant sciences (Dozier & Mills, 2005). However, the foundational role of tree identification often
gets overlooked for more advanced topics, and most secondary environmental science
coursework is focused on higher order skills pertaining to biodiversity, genetics, ecology, and
evolution (Randler, 2008). Identifying tree species is based on patterns in leaf characteristics,
bark, tree silhouette, and flowers with the most classroom friendly of these parameters being leaf
characteristics (Burton, 2010).
All leaves can be categorized into simple, compound, or needle/scale type (Dozier &
Mills, 2005; Burton, 2000). Simple leaves consist of a single blade, a single petiole, and are
arranged in either an alternating, opposite, or whorled arrangement on the main stem (Dozier &
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Mills, 2005; Burton, 2000). Compound broadleaf species carry more than one blade (three or
more) arranged on a common stalk referred to as leaflets (Dozier & Mills, 2005; Burton, 2000).
Leaflets can be arranged in several layouts including: evenly pinnate, oddly pinnate, or bipinnately (Dozier & Mills, 2005; Burton, 2000). Compound leaf arrangements can also be
attached to the trees stem in alternating or opposite patterns (Dozier & Mills, 2005; Burton, L.D.,
2000). Needle and scale like leaves are found on coniferous type species (Dozier & Mills, 2005;
Burton, L.D., 2000) and cross section examination further reveals that some are flat, three angled
or even cube (Dozier & Mills, 2005; Burton, 2000). Some needles have sharp points while others
are dull (Burton, 2000).
Forest Industry Needs
Career and Technical Education (CTE) is tasked with filling the demand for skilled
workers in the United States. The seminal report, A Nation at Risk (1983), is repeatedly credited
with pointing out several problems in the U.S. educational system. The report suggested higher
graduation standards are one of many reforms needed to stop America’s educational decline on a
global scale. A year later, the passage of the Carl D. Perkins Act of 1984 sparked more attention
on research assessing vocational education effects on academic achievement. Large scale
educational reforms including No Child Left Behind, the college for all movement, and the
dichotomous classification of students as either being vocational or academic ensued (Aliaga,
Kotamraju, & Stone III, 2014). Currently, 92% of American high school students have taken at
least one CTE course, and 16% have taken at least three CTE courses with a career pathway
identified on their diploma (Aliaga, Kotamraju, & Stone III, 2014).
Baby boomers are defined by those who were born between 1946 and 1964 (Neumark,
Johnson, Mejia, 2013). Survey data from 2008 showed they comprised 38% of America’s
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workforce (Neumark, Johnson, Mejia, 2013). It has been hypothesized that the retirement of the
baby boomer generation may slow the growth of skill levels in America’s workforce (Neumark,
Johnson, Mejia, 2013). In 20 states, there are a higher percentage of college educated retirement
age workers (55-64) than young adults aged 25 to 34 (Neumark, Johnson, Mejia, 2013). Further,
Louisiana has more college educated workers in the baby boomer generation than in the
millennial generation (Neumark, Johnson, Mejia, 2013). This is counter factual with previous
generations of replacement and retiring cohorts (Neumark, Johnson, Mejia, 2013). By the year
2018, it is estimated that the post-secondary system will supply three million fewer college
graduates than the economy demands (Carnevale, Smith & Strohl, 2010). Growth in low level
positions that only require a high school diploma or less are not projected to grow significantly
(Carnevale, Smith & Strohl, 2010), with more than eight million workers available for only
200,000 low level positions in 2018 (Carnevale, Smith & Strohl, 2010).
As the citizens of the United States become increasingly conscience of the importance of
preserving the natural environment, more jobs dealing with the conservation of natural resources
will become available (Bureau of Labor Statistics, 2015). In the forestry sector, jobs are expected
to increase by about seven percent over the next decade (Bureau of Labor Statistics, 2015),
following normal expected gains for an industry (Bureau of Labor Statistics, 2015). Nationwide
this will mean a total of 36,500 professional forester and conservation scientist positions will
exist with an average salary of $60,000 per year (Bureau of Labor Statistics, 2015). The starting
educational level for these particular positions in the forestry sector is a bachelors degree
(Bureau of Labor Statistics, 2015).
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Student-Centered Teaching/Learning
Guided Inquiry
Guided inquiry is a constructivist learning approach that requires investigation by the
learner to discover solutions for authentic problems (Kuhlthau, Maniotes & Caspari, 2015). This
approach to learning became the hallmark to instructional reform, especially in science
classrooms (Bell, Smetana & Binns, 2005). Guided inquiry lends itself to deeper understanding
of concepts by building student confidence in their own abilities to teach themselves (Pedaste,
Mäeots, Siiman, De Jong, Van Riesen, Kamp, & Tsourlidaki, 2015). Furthermore, guided inquiry
has shown to fit well into blended learning environments that incorporat smartphones and other
personal mobile technology (Kuhlthau, Maniotes & Caspari, 2015)
It is important for students to practice inquiry skills in order to gain confidence in their
abilities to locate the best answers (Edelson, Gordin, & Pea, 1999). The beginning of success
through exploration lies in the question itself (Kirschner, Sweller, & Clark, 2006). However,
some scholars believe that basic questioning skills are deteriorating in American education
(Leslie, 2014). As the Google® search engine becomes smarter, we all become more inadequate
at asking good questions (Leslie, 2014). Often the key to overcoming this shortfall in inquiry was
teacher guidance (Arends, 2014). Research has shown this approach works best when an entire
faculty of teachers actively participate in the process (Pedaste et al., 2015). Findings from this
research suggested that the learner must encounter guided inquiry in every class available at their
school in order to realize sufficient gains (Pedaste et al., 2015). Guided inquiry scholars believe
that systemic inquiry based teaching empowered students to separate good solutions from poor
ones (Arends, 2014; Kuhlthau, Maniotes & Caspari, 2015).
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Kuhlthau, Maniotes & Caspari, (2015) described the key to students giving their best
effort is determining how to spark their interest. Their findings concluded students were highly
motivated to answer questions that were meaningful to them (Leslie, 2014). To further student
motivation, the most successful teachers maintained close relationships with their students which
allowed them to help guide students to further understanding of complex notions (Kuhlthau,
Maniotes & Caspari, 2015). The most successful guided inquiry practitioners build motivation to
help student’s experience deeper learning and overcome barriers (Edelson, Gordin, & Pea, 1999).
Technology can aid inquiry based learning. However, one barrier to technology in
general was illustrated by a modern interpretation of Moore’s law (Cumming, Furber, & Paul,
2014) which stated that technology continued to become outdated every 18 months. This rapid
advancement of technology left people behind who were not conditioned to accept upgrading to
newer innovation (Cumming, Furber, & Paul, 2014). The most useful solutions and resources,
such as websites, that were once cutting edge, can quickly become obsolete (Kuhlthau, Maniotes
& Caspari, 2015). Perhaps the greatest long term potential for the inquiry based learning
approach is to condition students for technological evolution in school, work, and daily life
(Kuhlthau, Maniotes & Caspari, 2015).
Formative Assessment
Inquiry based learning is improved when the instructor can quickly determine students’
progress, offer feedback, and adjust teaching strategies. The most efficient way to accomplish
this is through formative assessments (FA). Black and Wiliam (1998) provided an operational
definition for formative assessment as “encompassing all activities undertaken by teachers,
and/or by their students, which provide feedback to modify the activities in which they are
engaged” (p 7-8). The Black and Wiliam (1998) analysis of formative assessment literature is
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considered the pivotal study in the field; it has been cited over 7,000 times (Sly, 1999; Bell &
Cowie, 2001; Buchanon 2000; Wininger, 2005; Ruiz-Primo & Furtak, 2006; Wang, 2007; Dunn
& Mulvenon, 2009; Aldon & Dempsey, 2016; Townsend & Mulvey, 2016). The results of the
study provided evidence that FA improved achievement (Dunn & Mulvenon, 2009). Several
different types of research were included in the literature collected by Black and Wiliam (1998).
Martinez and Martinez (1992) gave one summative test per chapter to a control group and three
formative tests per chapter to a treatment group. The students who practiced formative
assessments scored statistically significantly higher than those who only took summative tests.
Fontana and Fernandez (1994) studied 254 Portuguese students with the treatment group
belonging to teachers trained in daily self-assessment and a control group nested in teachers that
were not. The daily self-assessment group outperformed the control group on summative
assessments. One longitudinal study from San Francisco measured over 7,000 students in a
period of 18 years of mastery teaching where students retested until they achieved a passing test
grade. The results of that study conclude that learning through retesting is an effective way to
prevent leaving students behind (Whiting, Van Burgh, & Render 1995).
Wiliam (2010) explained effective FA accomplished three goals: (a) diagnoses where
students are now; (b) monitors where students are heading; and (c) directs students how to get
there. Formative assessments that monitored and gave direction must communicate learning
opportunities to the students. Feedback is one of the most important components in FA (Black &
Wiliam, 1998; Wiliam, 2010). Wininger (2005) gave feedback on incorrect answers to one
group of students and reported only incorrect answers to a control group. The students who
received feedback achieved significant gains over the control group (Wininger, 2005). Wiliam
(2010) described feedback in FA as prospective (like a medical diagnosis) and feedback on a
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summative assessment as retrospective (like an autopsy). Further, Bell and Cowie (2001),
stressed that feedback in FA must happen during instructional time. Immediate feedback was
proven more conducive to learning than delayed feedback (Stiggins, 2002).
Formative assessments can give students the repetitions they need to make cognitive
connections with learning material (Schmidmaier, Ebersbach, Schiller, Hege, Holzer, & Fischer,
2011). Studies have shown that repetitive test practice improved achievement (Schmidmaier et.
al, 2011). Repetitive quizzing has been accepted more effective in short term knowledge
retention that repetitive studying (Schmidmaier et. al, 2011). One dependent samples study
supported the hypothesis that students experienced gains on web-based self-assessments through
repetition (Velan, Rakesh, Mark, and Wakefield, 2002). Henly (2003) found students who scored
in the top 10% on a unit test in nutrition had accessed online practice tests twice as often as the
rest of the class.
FA delivered by technology became a rich source for research experimentation. In terms
of early educational technology, Sly (1999) found significant achievement gains in an
undergraduate economics course from students who chose to take practice exams online prior to
summative assessment. Buchanon (2000) achieved similar results in voluntary online practice
testing in psychology undergraduates. Wang (2007) developed an online formative assessment
system that graded formative assessments and gave feedback to students immediately. When
compared to a control group who took formative assessment with pen and paper, the online
assessment system proved to be a better model for learning (Wang, 2007).
Smartphones became a standard teaching tool and a preferred delivery method for FA
strategies in language acquisition (Townsend & Mulvey, 2016). FA research followed the
educational technologies evolution into mobile platforms. Vocabulary acquisition, in particular,
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has been proven to be more effective via mobile delivery than computers or traditional teaching
methods (Lu, 2008). Most recently, Aldon & Dempsey (2016) used multiple FA strategies with
iPads® in the context of secondary science courses. Their research concluded that mobile devices
accelerate and amplify the effects of FA (Aldon & Dempsey, 2016). The study further supported
the role of the teacher as a facilitator and found students took significant ownership of their own
learning with FA strategies using iPads® (Aldon & Dempsey, 2016). One the most notable
strengths of using advanced smartphone applications for FA was real time diagnosis of student
weaknesses (Townsend & Mulvey, 2016).
Smartphone Enhanced Learning
Mobile Learning Environment
Mobile learning (ML) is “electronic learning through mobile computational devices
independent of location in time or space” (Quinn, 2000, p 1). One study defined ML simply as
the use of a personal sized device that can access the internet (Sarrab, Alalwan, Alfarraj, &
Alzahran, 2015), however, in regards to all types of mobile devices, ML via smartphone is most
favored among millennials (Chen et al., 2015). Part of the popularity surrounding smartphones is
their ubiquitous nature. Smartphones potentially gave people the ability to learn in almost any
environment (Ozdamli & Uzunboylu, 2015). Because of the ease of availability, ML has
experienced considerable growth at the University level. Results from a multi-year study of the
entire student body at the University of Central Florida yielded growth in m-learning of 19%
between 2012 and 2014 (Chen et al., 2015). ML often takes place outside of formal learning
environments but can also be accomplished inside traditional educational settings (Sharples,
Taylor, & Vavoula, 2007). Studies indicated that students and teachers in general preferred
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combining mobile apps with constructivist methods while utilizing a mobile learning agenda
inside their classrooms (Ozdamli & Uzunboylu, 2015).
One important finding is that ML puts more emphasis on learning than teaching which
may force educators to adjust their views towards teaching routines (Kukulska-Hulme, 2010).
Earlier studies reported agricultural educators at the secondary level did not possess the same
level of mobile technology skill as their students (Murphrey, Miller, & Roberts, 2009). However,
that digital divide has begun to close as millennial aged teachers replaced digital immigrant
teachers (Thomas & Muñoz, 2016). Another study investigated perceptions and found teacher
groups had positive perceptions about an integrating ML with existing teaching strategies
(Ozdamli & Uzunboylu, 2015). Teacher attitudes and student technology acceptance were
identified as important precursors for successful M-learning designs (Iqbal, & Qureshi, 2012;
Irby & Strong, 2015; Ozdamli & Uzunboylu, 2015). Nevertheless, it is apparent that learning
motivation and understanding can be affected by ML because of the augmentation of physical
space, active learning capability, and the immediate ability to access content (Liu & Huang
2015).
Blended Learning Environment
Blended learning is the act of employing multiple instructional delivery methods to
impart knowledge and/or skills to students (Lothridge, Fox, & Fynan 2013). One key difference
from traditional classroom models of instruction was improved ability to satisfy different
learning styles (Lothridge, Fox, & Fynan 2013). The most common definition of blending
learning is teacher instruction infused with technology (Lothridge, Fox, & Fynan 2013; Francis,
& Shannon, 2013; Olapiriyakul, & Scher, 2006; Vacik, Wolfslehner, Spörk, & Kortschak, 2006;
Wasoh, 2016). The term blended learning is often interchanged with mixed mode learning,
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technology enhanced learning and hybrid instruction (Yuping, Xibin, & Juan, 2015). As a
system, blended learning seamlessly fuses traditional instruction with technology enhanced
learning (Yuping, Xibin, & Juan, 2015).
Some studies indicated that students perform better academically in a blended learning
model than other learning models (Moskal, Dziuban, & Hartman, 2013). Blended learning
research found positive effects in terms of the knowledge transfer when gathering foundational
understanding at basic application levels (Vacik et al., 2006; Lothridge et al., 2013; Olapiriyakul,
& Scher, 2006). Students who were in blended learning environments outperformed students
who only received face to face instruction (UD DOE, 2010). Other principle measurements
recorded in the blended learning literature that are of interest are effects on student motivation
(Leithner, 2009) and creating interest (Adas, & Bakir, 2013: Pearcy, 2009).
Image Sensing Technology
Image sensing technologies, once used for facial recognition, are gaining traction in
scientific fields pertaining to the identification of plant species based on leaf segmentation and
shape estimation (Cerutti, Tougne, Vacavant, & Coquin, 2011). There are many different,
complex methods being tested for leaf recognition on mobile devices. Some utilize parametric
active polygons (Cerutti et al., 2011), others have tested using grid and a graph cuts-based
method to extract features (Iwata & Saitoh, 2013), and others use binary classifiers applied to
gist features (Kumar, Belhumeur, Biswas, Jacobs, Kress, Lopez & Soares, 2012). Gist is an
abstract representation of an image (Oliva, A., & Torralba, A. 2001) that sensing technology
strives to replicate through complex mathematical equations.
The basic steps that all image sensing software completes are (a) classification, (b)
segmenting, (c) extracting, and (d) comparing (Kumar et al., 2012). Classification is determining
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if the picture taken of an image is worthy of further processing (Kumar et al., 2012). Most image
sensing mobile technology requires that single leaf samples be placed on a completely white
background so that the image quality and edges can be more easily detected (Kumar et al., 2012).
For example, the classifier function for Leafsnap scales all photos to 300 x 400 pixels and
measures it against 5,972 individual images in storage (Kumar et al., 2012). Processing takes on
average 1.4 seconds per image photographed (Kumar et al., 2012). Most classification issues
arise from poor lighting, textured backgrounds, or clutter (Kumar et al., 2012).
Leaf shape is currently the most accurate way to accomplish segmentation (Kumar et al.,
2012). Smartphone cameras are not strong enough to detect identifying characteristics like
venation patterns (Kumar et al., 2012). Also, color varies from leaf to leaf of the same species,
and flowers are too varying across species as well as seasonal in nature (Kumar et al., 2012). The
edges of the leaves are detected by the change in foreground color (leaf) and background (white
sheet of paper) using Expectation-Maximization (Kumar et al., 2012). Figure 1 illustrates a leaf
that underwent classification and segmentation (Kumar et al., 2012).

Figure 1. First Two Steps all Image Sensing Technology Complete: Classification and
Segmentation. A leaf image in original (left), classification (middle), and segmentation (right).
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Leaf shapes are then represented by measures of their curvature along the boundaries of
the leaf (Kumar et al., 2012). This extraction of the segmented shape into a curvature image
represents the leaf for comparison to other curvature images in the database (Kumar et al., 2012).
Curvature images are then converted into histograms of curvature over scale (HoCS) which are
the features that will be used for comparison of other HoCS in the database to identify the
nearest match for identification (Kumar et al., 2012). HoCS use measures of leaf area at several
contour points along the leaf (Kumar et al., 2012). Histograms are an uncomplicated, space
saving and rapid metric to use for comparison to the database of extracted features (Kumar et al.,
2012). In the Leafsnap database, specifically, there are 23,915 images of pressed leaves from 184
different species (Kumar et al., 2012). See Figure 2 for an illustration of an extracted curvature
image produced from a segmented leaf and converted to HoCS.

Figure 2. Final Steps all Image Sensing Technology Complete: Extraction and Comparison. The
Segmented leaf (top left) is extracted into a curvature image (bottom left) and converted into
Histograms of Curvature over Scale (HoCS) for comparison of other leaf HoCS in a database for
identification match.
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Motivation
The simplest explanation of motivation as a science is an attempt to discover why people
do the things they do. Furthermore, it is an attempt to answer (a) why people make the choices
they make, (b) what puts people into action, and (c) what internal and external factors cause
people to increase effort towards attaining goals? Motivation includes elements that cross the
affective, cognitive, and psychomotor domains (Keller, 2010). People are motivated by many
sources including but not limited to: (a) emotions (i.e. fear/desirability); (b) psychomotor
characteristics (i.e. aggression/maturity); (c) physiological factors (i.e. hunger/vivication); and
(d) cognitive components (i.e. expectations/personal beliefs). A common pattern of learner
motivation may be illustrated as energy→volition→direction→involvement→completion
(Keller, 2010). Following this model, it can be reasoned that a student who has the capacity to
engage (energy) and chooses (volition) to do so with a certain purpose (direction), coupled with
their continued effort (involvement) leads to finishing the learning task (completion). This
pattern brings forth five points of motivational conflict for a single learning task in which some
motivational problem may arise. Multiplying those points by the number of tasks given to a
student per academic day uncovers hundreds of potential dilemmas faced by the typical student
in terms of learner motivation (Wlodkowski, 1978).
Motivation is intangible, yet it can be the difference in student success or failure. Since it
cannot be directly observed or measured, inferences have to be made based on peoples actions.
In the educational realm, persistence and completion are displays of student motivation. There
are a substantial number of findings that link motivation to fundamental educational
accomplishment. If two students are equally matched in cognitive abilities and opportunities to
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learn, then it is the motivated student who will outperform the unmotivated student. (Glyn,
Aultman, & Owens, 2005; Huett, Moller, Young, Bray, & Huett, K. C. 2008; Keller, 2010).
Motivation to learn is a person’s propensity to view learning activities as meaningful and
beneficial (Wlodkowski, 1999). Learning motivation literature suggests that motivation is
positively related to academic success (Keller, 2010; Lin-Siegler, Dweck, & Cohen, 2016;
Wlodkowski, 1999). However, student variations in emotions, needs, values, beliefs,
expectations, and attitudes may obstruct learning (Wlodkowski, 1999). The challenge of formal
education instructors is to accept that students must be motivated to some degree in order to
learn. Furthermore, teachers should identify differences in culture, beliefs, and notions within the
student body in order to find a way to motivate them to learn. Finally, teachers should accept the
challenge that making learning important to students is paramount to learner motivation
(Wlodkowski, 1999).
Intrinsic and Extrinsic Motivation
People are said to be intrinsically motivated when they get pleasure from the performance
of a task rather than a reward attached to the completion of a task (Keller, 2010). Intrinsically
motivating activities are those in which the reward is the activity itself (Deci & Ryan, 1975).
Stipek (2002) theorized there are internal human forces which inherently motivate people to
develop their own intellect. This reasoning also concluded that people are more motivated when
they have choices and some control related to their work (Stipek, 2002). As a result, instructors
have found it beneficial to offer students choice in whom they team with for collaboration,
flexibility in materials, flexibility in methods to complete assignments, and even grading options
(Stipek, 2002).
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Extrinsically motivating tasks may be enjoyable, but by definition the rewards associated
with their completion are the means to an end (Keller, 2010). Assigning grades and cumulative
GPA is often considered a form of extrinsic motivation. The assumption for extrinsic motivation
is that students are inspired to perform when they are rewarded for learning and/or penalized for
their shortcomings (Wlodkowski, 1999). Extrinsically motivating endeavors often result in
instrumental value (Keller, 2010). For example, students may enroll in an ACT preparatory class
because they want a higher ACT score in order to attain college acceptance. The motivational
factor emphasized is based on the value of college acceptance and not the intrinsic value of
enhancing knowledge of ACT material (Keller, 2010).
Educators tend to advertise the merit of having intrinsically motivated students that aspire
to become lifelong learners. However, researchers pose the questions: (a) how many students
would attend school if they had a choice; and (b) how many of those who would choose to attend
would do so for the intrinsic value of learning compared to the extrinsic value of career
preparedness? (Keller, 2010). Motivation is not simply a dichotomy, but rather a very complex
phenomena of intertwined motivational factors that alternate back and forth depending on the
situation. It is possible to find people who are motivated only from within as well as people who
are motivated only by reward. However, realizing the complexity of human behavior, it is more
probable to find components of both in a given students’ response to an academic scenario
(Keller, 2010).
Theoretical Framework
Previous notions held by researchers like Traxler (2007), was that the ML field was so
new that few well-developed learning theories and evaluation methodologies were well aligned.
However, Piaget’s idea of individualistic constructivism is conducive to mobile learning because
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learners have personal access to content, quizzes and resources at all times (Levene, & Seabury,
2015; Tam, 2000).
Constructivist learners are considered to be more actively engaged compared to
objectivist learners, who were passive receptors of knowledge (Tam, 2000). Objectivist teaching
seeks to educate students about the real world by dispensing a finite set of skills and facts to the
student. The student therefore would process and absorb the information like a sponge (Tam,
2000). In contrast, constructivist learning seeks student empowerment to actively solve authentic
problems (Pedaste et al., 2015; Tam, 2000). Constructivist learning research has investigated
how students initiated their own learning and were motivated by authentic problems (Mueller,
Knobloch & Orvis, 2015). Authentic learning involves real-world problem solving and projects
that have perceived importance to the learner (Traxler, 2007). Constructivist teaching methods
have been accomplished successfully with smartphones (Tam, 2000). Results suggested that
when students engaged in advanced functions of smartphones in student-centered learning
environments, they were more likely to achieve (Thomas & Muñoz, 2016).
Activity theory is an attempt to analyze an individual’s actions with learning materials
controlled by a set of instructions and shared through a division of labor (Engeström, 2009)
Activity theory has been adapted to fit ML research in the past (Park, 2011). However, Sharples
and Taylor (2007) concluded that activity theory did not fully account for complex relationships
between learning and technology. Therefore, Sharples and Taylor (2007) developed the Theory
of Learning for the Mobile Age (TLMA) which focused on the interaction between learners and
technology which resulted a broader theoretical lens through which ML research could be
viewed (Sharples & Taylor, 2007). TLMA was rooted in constructivism, borrowed from activity
theory, and defined learning “as the process of coming to know through continuous
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conversations across multiple contexts amongst people and interactive technologies” (Sharples &
Taylor, 2007 p 22). TLMA was developed on the notion that learning is a process of acquiring
knowledge through communication across continuously shifting contexts (Taylor, Sharples,
O’Malley, Vavoula & Waycott, 2006). Therefore, it is a valid theoretical framework for
analyzing contexts such as traditional teacher-centered learning, student-centered learning, or
combinations of multiple learning approaches (Sharples, Taylor, & Vavoula, 2007).
Further, Sharples and Taylor (2007) produced the Task Model for Mobile Learners (see
Figure 3) which is modified from Engeström’s (2009) expansive activity model. The task model
divided learning into semiotic and technological activity (Sharples & Taylor, 2007). The
semiotic layer represented learner actions moderated by culture, environment, and meaningful
signals (Sharples & Taylor, 2007). Semiotic referred to an abstract domain inside the mind where
personal language events such as previous conversations, lectures, and private thoughts are
synthesized (Taylor et al., 2006). The technological layer represented a physical domain. This
technological layer has helped explain smartphones as a tool for “creating a human-technology
system” that enables learning (Sharples & Taylor, 2007 p 11). Sharples and Taylor (2007)
insisted that the semiotic and technological layers can be separated to provide a more semiotic or
technological model or combined for a more holistic model. The purpose of the theory and
model was to move forward the investigation of ML (Sharples, Taylor, & Vavoula, 2007).
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Figure 3. Sharples and Taylor (2007) Task Model for Mobile Learners. This model can be
utilized as a framework for analyzing several types of ML and coincides with the Theory of
Learning for the Mobile Age (TLMA).
The model can be used to illustrate learning through smartphone technologies in a
traditional classroom, distance education environment, or an informal learning context (Sharples
& Taylor, 2007). In the triangular model, all factors (i.e. Object, Tool, Subject, Control, Context
and Communication) are connected to one another. This represents the complex relationship and
dependency the factors possess (Taylor et al., 2007). The intertwined yet flexible structure of the
model allows ML projects of any kind to be examined (Sharples & Taylor, 2007). An object is
the material or problem which learning affected and was often the dependent variable in
experimental designs (Sharples & Taylor, 2007). Tools were determined to be any device that
serves the purpose of inquiry (Sharples & Taylor, 2007). Subjects are learners or technological
devices and may be considered one in the same (Sharples & Taylor, 2007). Control of learning
may depend on a teacher, be distributed to learners, or may pass between learners and
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smartphones (Sharples & Taylor, 2007). Context embraced multiple formats including but not
limited to (a) classrooms, (b) social media, (c) text messaging, and (d) interpersonal conversation
(Sharples & Taylor, 2007). Communication also embraced traditional and technological means
of people sending and receiving messages (Sharples & Taylor, 2007)
Conceptual Framework
This study was conceptually underpinned by the Attention, Relevance, Confidence,
Satisfaction (ARCS) model for measuring the impact of motivation on student performance on a
situational basis (Keller, 2010). The ARCS model derived from empirical work completed by
Tolman (1932) and Lewin (1944) that resulted in Expectancy Value Theory (Huett, Moller,
Young, Bray, & Huett, 2008). The theory postulated students work harder toward activities they
perceive are valuable and where success is reachable (Keller, 1987). There are findings in the
literature that credit motivation for 16%-38% explanation of the variance in student achievement
scores (Means, Jonassen, & Dwyer, 1997). Keller’s (1987) ARCS model is highly regarded as
one of the best known motivation based instructional design models in the United States (Bohlin,
1987). In the current study, student performance was defined as the difference between academic
gains measured on a pretest and post-test. The level of academic knowledge measured in the
study is foundational in nature.
The first construct of the model was Attention and was related to interest (Keller, 1987).
Capturing student interest and maintaining that interest in a learning environment is essential to
instructional success and student achievement. “Attention is a combination of some key concepts
including: arousal, boredom, and curiosity” (Keller, 2010, p. 76). Arousal research attempts to
explain how learning behavior initiates and flows (Keller, 2010). Small levels of arousal as well
as high levels of arousal result in poor performance (Keller, 2010). If a student is asleep he/she
cannot learn anything; consequently if a student is displaying hyperactivity, he/she also cannot
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be taught (Keller, 2010). Being below ones optimal level of arousal due to boredom can be
attributed to unpleasantness, constraint, monotony, and repetitiveness (Geiwitz, 1966). Curiosity
embodies a diverse theoretical background in and of itself. Stimulus-generated curiosity or drive
theory (Berlyne, 1954) suggested curiosity may be an instinctive desire that is activated when the
appropriate stimuli appear and deactivated once the desire has been met. Others argued that
curiosity was self-activated and emanated from an amiable experience not satisfied completely
by success (Maw & Maw, 1964). This viewpoint considered curiosity a motive and not a driver.
It is derived from the idea that humans want to make sense of the world they live in (Maw &
Maw, 1964). Finally, Kagan (1972) coined the concept of incongruity as a motive for curiosity.
Kagan (1974) posited that people have a need to remove uncertainty and this lead to exploration
and curious behaviors.
Relevance was a construct best explained in pragmatic terms. Students often question
how a lesson or topic of study will be useful in everyday life. Motivation research has suggested
that more effective teachers better demonstrated relevance to their students with animated stories
that were derived from a deep understanding of the material (Keller, 2010). Communication
research supports relevance as the central factor in determining whether or not people respond to
a novel stimulus (Sperber & Wilson, 1986). It has been reported that people only pay attention to
the extent that a connection is found between the stimuli and significance to the subject’s
personal lives (Sperber & Wilson, 1986). When a person reaches the highest state of perceived
relevance they have a heightened interest in a task, they are fully concentrated and unconcerned
about success/failure, and they experience pleasure while working (Keller, 2010). Those who
experienced this heightened state could not be distracted by environmental or psychological
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forces for an extended period of time (Csikszentmihalyi, 1975). The term that explained this
ultimate state of focus was flow (Csikszentmihalyi, 1975).
Confidence is generally aligned with how highly people expected to succeed or fail and
how much control over a situation people perceived they owned (Keller, 2010). Individual
perception of control and predictability strongly relate to the psychological aspects of confidence
(Keller, 2010). Rotter (1954) developed the notion of people’s perception of control as either
internal or external. If test results are lower that student expectations, they may blame their
teacher (Keller, 2010). This would be an example of external locus of control (Rotter, 1954).
People with internal locus of control tend to search inwardly for what could have affected their
scores. They most often blame themselves rather than outside forces (Keller, 2010). People with
internal locus of control tend to be more successful academically (DuCette & Wolk, 1974;
Phares, 1976; Dollinger, 2000). Differences in levels of locus of control were based on several
factors. Studies have concluded to varying degree that ethnicity, culture, and socio-economicstatus (SES) influenced whether a person has an internal or external locus of control. Selfefficacy is closely related notion to Confidence (Bandura, 1977; Keller, 1987) and predictive of
school achievement (Schunk, 1996). Keller (2010) recommended teachers build confidence in
students by ensuring they knew what was expected and understand how to maximize their
likelihood for success.
Satisfaction was often influenced by ones subjective reflection of a personal outcome
compared to societal outcomes (Keller, 2010). People are often not satisfied if they are not
achieving the same goals or receiving the same rewards as their peers (Keller, 2010). Festinger
(1957) introduced the idea of cognitive dissonance where dissonance was an uncomfortable state
that people will attempt to reduce by achieving equally with their peers. Clinical research
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attempts into intrinsic factors and extrinsic reward attempted to uncover a concrete explanation
of Satisfaction (Keller, 2010). However, interpersonal relationship research on satisfaction, based
on Equity Theory, identified inputs and outcomes that were useful in learning environments
(Adams, 1965; Keller, 2010). The most satisfying outcomes were respect, feedback, status, and
meaningful work (Keller, 2010). Undesirable conditions for satisfaction included monotony,
isolation, and micro-management (Adams, 1965; Keller, 2010). Student satisfaction should be
founded on equity (Keller, 2010). In terms of satisfaction, it was recommended that teachers use
praise for correct responses liberally, avoid boring tasks and drills, give students personal
attention, and avoid the use of threats to get results (Keller, 2010).
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CHAPTER 3: METHOD

Purpose of the Study
This dual-purpose study (a) compared achievement levels between two groups of
students in a forestry curriculum learning with smartphones or with printed materials and (b)
determined motivational differences between those groups. The following research questions
guided the study:
1. What are the personal and educational characteristics of students enrolled in agriculture
courses offering a forestry curriculum in Louisiana?
2. What differences existed in pretest and post-test leaf ID scores between students learning
through smartphone technology and students learning through printed materials?
3. What differences existed in student motivation (e.g., Attention, Relevance, Confidence,
Satisfaction, and Motivation) between students learning through smartphone technology
and students learning through printed materials?
Null Hypotheses
The following null hypotheses guided the data analysis.
Ho1:

There were no statistically significant differences in leaf ID pretest and post-test scores
between students learning through smartphones and students learning through printed
materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho2:

There were no statistically significant differences in Attention between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)
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Ho3:

There were no statistically significant differences in Relevance between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho4:

There were no statistically significant differences in Confidence between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho5:

There were no statistically significant differences in Satisfaction between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho6:

There were no statistically significant differences in Motivation between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)
Louisiana State University Institutional Review Board Approval
Permission for the study was requested from the Institutional Review Board (IRB) at

Louisiana State University. Included in the application (see Appendix M) were all documents
proposing research protocol (see Appendix N), instruments (see Appendices H and K), and
participation permission forms for students, parents, teachers, and principals (see Appendices B,
C, D, and E). All federal stipulations pertaining to the safe and considerate treatment of human
subjects were met, and IRB# 3754 was approved on August 12th, 2016 (see Appendix A).
Design of the Study
This pre-experimental study design utilized nonequivalent comparison groups. There was
an untreated comparison group and a treatment group with a pretest and post-test completed by
the sample (Campbell & Stanley, 1963; Shadish, Cook & Campbell, 2002). Versions of the
nonequivalent comparison group design are commonly used designs for pre-experimental studies
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(Shadish et al, 2002). Random sampling and random assignment were not feasible because only
a small number of treatment schools were available due to school district policy regarding
smartphones. Furthermore, one of the positive associations found with pre-experimental designs
is the ability to study outside of the laboratory and in real world conditions (Campbell & Stanley,
1963; Shadish et al., 2002). When such conditions exist, it is recommended that an experimenter
should “design the very best experiment which the situation makes possible” (Campbell &
Stanley, 1963, p 34). That is what was attempted in this study. Since random assignment was not
used to assign subjects to levels of the treatment or the level of treatment to the groups, preexperimental equivalence was not assumed. However, a pretest was employed to establish group
equivalence on prior knowledge.
Students were pretested to determine prior knowledge of leaf identification and to
establish a baseline to measure leaf identification achievement effects. The research design
regarding student achievement in leaf identification is illustrated in Figure 4. According to
Campbell and Stanley (1963) X represents the independent variable, subscript E represents the
experimental level of the treatment, subscript C represents the comparison level of the treatment,
and O represents a measurement made during the study. Numerical subscripts are used to
indicate when the measurements were taken during the study. This results in O1 being the pretest
for the treatment group and the comparison group. O2 is the post-test for the treatment group and
the comparison group. NR stands for nonrandom assignment (Shadish et al, 2002).
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NR

O1 XE O2

---------------------------NR

O1 XC O2

Figure 4. Research Design for Student Achievement. Adapted from Shadish et al., (2002) and
Campbell & Stanley (1963), this figure represents participants purposefully (NR) assigned to a
treatment group (XE) or non-treatment comparison group (XC) which utilized a pretest (O1) and
post-test (O2) to measure achievement gains after the learning process.
Pretest and post-test data were collected using an online testing platform named Test
Generator created by Fain and Company. Test Generator is an online platform that allowed the
researcher to receive instant results from the tests, and it eliminated the need for the teachers
participating in the study to grade the tests. Both groups completed the pretest on Test Generator
the day before any leaf identification lessons were taught.
In addition to student achievement in leaf identification, levels of student motivation (i.e.
Attention, Relevance Confidence, Satisfaction and overall Motivation) were also measured using
the course interest survey (CIS) developed by Keller (1988) (see Appendix K). Students
completed demographic items as well as the 34 item CIS instrument via Qualtrics, an online
survey provider licensed by Louisiana State University. All students who completed the pretest
and instructional portion of the study completed the online survey directly prior to taking the
post test.
Participants
Recruitment of Teachers
Louisiana agriculture teachers from each Area (I, II, III, & IV) were surveyed by the
researcher during teacher meetings at each FFA leadership camp session in the summer of 2016.
The survey collected data on demographics, use of technology, parish policy towards mobile
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devices in the classroom, forestry teaching competence, and offered each participant a chance to
volunteer (n = 160). Thirty teachers identified themselves as willing to volunteer on the survey
and provided their contact information.
Of the 30 identified teachers, 16 indicated their parish had favorable policy towards
smartphones in the classroom. This group was identified as potential members of the treatment
group. From those 16 willing participants, four were not contacted because they taught junior
high level agriculture courses. The remaining 12 were invited to attend a professional
development seminar at the annual conference for Louisiana agriculture teachers. The seminar
was held on July 26th, 2016 and 10 of the 12 teachers who were invited attended the seminar.
There were 14 teachers who volunteered and indicated parish policy that prohibited
smartphones in the classroom. Among this group of willing teachers, 2 were not contacted
because they taught junior high level courses. This cohort of 12 teachers was identified as
potential teachers of the comparison group and was invited to attend a professional development
seminar at the annual conference for Louisiana agriculture teachers. The seminar was held on
July 26th, 2016 and all 12 potential comparison group teachers who were invited attended the
seminar.
In all 22 willing teachers volunteered to participate in the study. Upon examination of
survey data, it was discovered that each cohort contained teachers who taught classes at different
time intervals. The dominant teaching time was 50 minutes (n = 19). Therefore, all teachers who
taught 90 minute class periods (n = 3) were contacted via personal phone call and notified that
only teachers who taught a 50 minute period would be asked to continue. This preliminary result
of the purposive sample after considering minutes per class period yielded 10 teachers in the
treatment group and nine teachers in the control group.
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Threat to External Validity
On Saturday August, 13th at 7:00 a.m. it was reported that over the previous 48 hours,
rain in some areas of Southern Louisiana had fallen at rates as much as three inches per hour.
Labeled The Great Flood of 2016, this rain event devastated South Louisiana. In three parishes
the rainfall amounts had a statistical chance of occurring every 1,000 years. In seven parishes the
rainfall event would be considered one that occurs every 100 years statistically (Schleifstein,
2016). The subsequent flooding that occurred from approximately 24” of rain in just two days
resulted in thirteen confirmed deaths, 110,000 homes flooded, and approximately twenty billion
dollars in damage in the Baton Rouge area alone (Gallo & Russell, 2016).
In total, eight potential participant schools closed for an extended period of time due to
flooding. Two of the schools flooded, two were needed for use as a shelter and supply
distribution, and two had communities where the flood waters did not recede for two weeks.
Campbell and Stanley (1963) contend that history is a threat to external validity when an event
occurs between the first and final measurements of a study. In this case, the event occurred
before the intervention. Nevertheless, devastation from the flood eliminated three schools (two
comparison and one treatment) from continued professional development of the research study.
This resulted in nine potential teachers in the treatment group and seven in the comparison group
after The Great Flood of 2016. One teacher continued on with the study and saw it through
completion even though her house flooded. Another teacher from the treatment group quit the
profession before the study began. Yet another teacher from the treatment group completed all of
the training and decided not to participate in the study for personal reasons. Unexpectedly, one
teacher from the comparison group quit in the middle of the study because of an emergency
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family illness. In total, 13 teachers completed all phases of the research study. Seven teachers
facilitated the treatment group and six facilitated the comparison group.
This final group of participating teachers was asked to sign consent forms (see Appendix
B). Participating teachers were then asked to gain permission from their principals to allow the
study to take place on their campus (see Appendix C).
Teachers
Louisiana agriculture teachers who participated in this study were assigned to treatment
and control groups based on their parish’s policy towards mobile device use in the classroom.
Those who indicated their parish had policies in place that allowed mobile devices to be used by
students were invited to participate as teachers of the treatment group. Those who indicated the
parish prohibited student smartphones in the classroom were placed in the comparison group. A
comparison group by definition “receives an alternative intervention and a treatment group
receives the intervention of interest” (Shadish et al., 2002). Participating teachers were contacted
via email by the researcher inviting them to participate in the study (see Appendix F). A total of
thirteen teachers, seven in the treatment group and six in the control group completed all phases
of the study.
Treatment group. Louisiana agricultural teachers (n = 7) who taught a leaf identification
unit using mobile learning apps as a delivery method during the Fall of the 2016-2017
academic year.
Comparison group. Louisiana agricultural teachers (n = 6) who taught a leaf
identification unit using paper based manuals as a delivery method during the Fall 20162017 academic year.
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Students
After the recruitment of teachers was completed, students enrolled in the teachers courses
were asked to participate in the study and sign a consent form (see Appendix D). The students
were then asked to gain permission from their parents to continue in the study (see Appendix E).
A total of 263 students agreed to participate in the study and gained the permission of their
parents/guardians to do so.
Louisiana high school students (n = 263) from 13 schools who were enrolled in
agricultural education course in which forestry was taught during the 2016-2017 school year
participated in the study.
Treatment group. Students who used smartphones to identify leaf samples and take
formative assessments during the 2016-2017 academic year (n = 128).
Control group. Students who used printed resources to identify leaf samples and take
formative assessments during the 2016-2017 academic year (n = 135).
Treatment
The treatment evaluated in this study was using smartphones to identify and formatively
assess knowledge of tree species. Participants engaged in a student-centered learning approach to
identify unknown species of trees with their smartphone. Teachers used guided inquiry to
facilitate student identification of tree species and formatively assessed learning with advanced
smartphone applications. The treatment group used three free mobile apps (Leafsnap, Vtree, and
Tree Book) to identify tree species they were unfamiliar with. Students took a picture of a leaf
with Leafsnap and the app suggested the species identity. All of the treatment apps were
designed to aid foresters, students, teachers, or anyone with an interest in leaf identification. The
electronic flashcard app Quizlet was used by students in the treatment group to take formative
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tree identification assessments on their smartphones. The researcher created study sets using
Quizlet that the treatment groups used for practice. Quizlet assesses students through games
played on a mobile platform that reports results to the teacher instantly on their teacher account.
The following is a basic description of Leafsnap user functions. First, the user takes a
picture of the leaf in question against a white background. Then, Leafsnap determines the
contours of the leaf and uses visual-recognition software to find a match for it in the database.
Results are returned in seconds, depending on the speed of the internet or wireless connection.
Next, Leafsnap brings up images of the species it has identified, along with supporting
identification images of the species' leaf, flower, fruit, seeds, and bark. The app also gives the
user information on the species and its native range. When the identification is not 100% certain,
Leafsnap gives users several options. The user then has to scroll through other related images in
its database, such as fruit shape or bark pattern. In this case, it is up to the user to decide the
identification of the species, which reinforces learning (Farnsworth, Chu, Kress, Neill, Best,
Pickering, & Ellison, 2013).
On the first day of the study, treatment groups were instructed to download all three
identification apps and use them to identify the samples. The Quizlet app was used by students in
the treatment group to take formative assessments on their mobile device. Quizlet presents
formative assessment games played on a mobile platform to students. Teachers received instant
reports of student progress in the form of graphs and percentages on their Quizlet teacher
account. Quizlet is an electronic flashcard mobile app that allowed students to access study sets
created by their teacher, or co-created by other students. Quizlet re-shuffled content after every
small quiz was completed. Therefore, no two attempts were the same. Quizzes that use matching,
true/false, multiple choice and fill in the blank type questions can be completed. More
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importantly, the student decides what type of assessment is taken and how many items are
included. Quizlet has been researched in vocabulary retention; however the app also supports
photographs used for identification. The Quizlet app purposefully will not report grades as it
advertises itself as a study aid exclusively. The researcher created study sets using Quizlet for the
treatment group.
Comparison
The comparison group used printed materials instead of smartphones. This group used a
student-centered learning approach to identify 30 unknown leaf samples with three different
printed resources. Teachers used guided inquiry to facilitate students to identify tree species and
formatively assess learning with printed materials. Those printed resources were Leaf Key to
Common Trees of Louisiana (Dozier & Mills, 2005), Important Forest Trees of the Eastern
United States (Brockman & Merrilees, 1991), and Louisiana Trees (Hodges, Evans & Garnett,
2015). Comparison group students completed formative assessments on paper media. One
assessment matched leaf samples to the names of the trees they belong to with index cards that
had the name of the tree printed on them. The index cards were supplied to each teacher and an
electronic copy was also emailed to each. Students also completed quizzes using the scorecard
provided by the researcher (see Appendix I). Live samples were provided by the researcher to
each comparison group teacher to use in the study.
Initial Professional Development
The teachers were invited to participate in an hour long seminar at the Louisiana
Agriscience Teacher Association annual conference on July 26th, 2016. They were presented a
basic leaf identification characteristics PowerPoint (see Appendix L) created by the researcher.
These characteristics ranged from leaf parts, arrangements on a stem, and leaf types. After the
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basic explanation of how the PowerPoint should be used for both groups of students participating
in the study, teachers were separated into two training groups.
The treatment teachers met with the researcher in a conference room separate from the
meeting room where the control group teachers received training. During the next hour, the
researcher trained the treatment group teachers how to download and briefly how to use:
Leafsnap, V-Tree, Tree Book and Quizlet. Treatment teachers used the apps to identify the
photocopied leaves (see Appendix G) that would be used in their classrooms for the study.
The day prior to this workshop the researcher met with four experienced agriculture
teachers who are experts at tree identification and demonstrated to them how to help train the
comparison group teachers. Comparison group training utilized these four experts in tree
identification to train the comparison group teachers on how to properly identify the 30 species
of interest with printed field manuals and leaf keys. The tree identification training for both of
these groups happened simultaneously. After an hour, the treatment group was reunited with the
comparison group and the researcher demonstrated the use of the Test Generator Web for testing
the identification of trees. Finally, all of the teachers took a quiz identifying live samples
prepared by the researcher in advance. All phases of the research design were implemented in
abbreviated formats at this seminar. In all, the seminar lasted two hours.
Professional Development for Treatment Group Teachers
A second training for the treatment group was scheduled for the afternoon of August
20th, 2016 on the campus of Louisiana State University, however this was postponed due to the
Great Flood of 2016 (see Appendix O). Three teachers from the treatment group met on
Saturday, September 10th, 2016. Three more treatment school teachers completed training one
on one with the researcher in their classrooms after school hours on September 12th, 13th and
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14th. One treatment teacher met with the researcher on the campus of Louisiana State University
on the night of September 13th, 2016. At these training meetings more time was dedicated to
instructing how the apps worked and how to follow the study protocol. All 30 samples were
identified by the teachers using the mobile apps. Teachers also received more detailed instruction
using the Quizlet app. They learned how to access the study sets created by the researcher for the
study. They also learned how to create student Quizlet accounts for the study. High quality color
copies of thirty leaf samples printed on a white background of standard copy paper were given to
the teachers (see Appendix G). An identification number labeled on the back of each sample was
provided with a key so the teachers could positively identify the species. Treatment group
teachers received binders containing a lesson plan, master tree list (see Appendix Q), and a daily
fidelity report (see Appendix P). Lastly, the treatment group was taught how to login and test on
Test Generator Web testing software. A practice exam was created by the researcher on Test
Generator Web to give the teachers experience with the software. It was necessary for the
teachers to understand how to properly login, answer the questions, and submit a testing attempt.
Professional Development for Comparison Group Teachers
A second training meeting for the comparison group was scheduled for the afternoon of
September 7th, 2016 at a participating schools campus. Four comparison group teachers
attended. Two other comparison group teachers were met with individually at their school
campus after school hours on August 25th, 2016 and September 8th, 2016. Comparison group
teachers were given binders containing high quality color copies of thirty leaf samples printed on
a white background (see Appendix G). Also included in the binders were lesson plans, a daily
fidelity report (see Appendix P), and scorecards for formative quizzes (see Appendix I). An
identification number labeled on the back of each sample was provided with a key so the
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teachers could positively identify the species. Furthermore, each comparison group teacher was
given 30 copies of the printed resource created by Dozier & Mills (2005), five copies of the
resource created by Brockman & Merrilees (1991), and five copies of the resource created by
Hodges, Evans, & Garnett (2015). One hour was dedicated to practice identifying all 30
specimens using the leaf keys. The control group was trained to use student-centered learning
activities and formative assessments using the paper scorecards. Teachers were also trained how
to employ formative assessment games using the index cards with printed names of the tree
species. The comparison group was instructed how to use the Test Generator Web software for
pretesting and post-testing. In all, each teacher from each group received four hours of
professional development focused on how to deliver the interventions.
Both groups received the same leaf samples on white backgrounds. However, the day
before the study was initiated all teachers received from the researcher live samples of each
species collected in a large plastic storage bag and were advised to keep the samples in an ice
chest or refrigerator when not being used for learning. These live samples were given so that the
teachers could utilize more realistic samples for instruction. Variations in leaf size are common
due to where the leaf is positioned on a tree (i.e. upper canopy vs. lower canopy) and live
samples help students gain an understanding of approximate size that pictures often cannot
(Bebbington, 2005; Burton, 2000; Dozier & Mills, 2005).
Instrumentation
Student Leaf Identification Achievement
The instrument used to collect leaf identification data for this study consisted of a
criterion-referenced pretest and post-test (see Appendix H) delivered electronically with Test
Generator Web testing software donated by Fain and Company. Test Generator Web gives the
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students a picture in a pop-up window which the student closes and answers the identification
question that follows. The student may recall the photo at any time during the question attempt
as well as scroll back and forth through the questions. The test consisted of pictures of leaf
samples cut from live trees resting on solid backgrounds, which students were to identify. The
test employed 15 multiple choice items, 10 fill in the blank items, and five true/false items. The
scoring of the instrument was based on 100% point scale. Each item was worth 3.33 percentage
points with the exception of item number one which was worth 3.34 percentage points.
Thirty leaf samples resting on solid backgrounds were photographed by the researcher
using an iPad® camera and uploaded into Test Generator Web. The authentic photos were
chosen by the researcher based on experience in the subject of tree identification. Furthermore,
the 30 species were chosen because they could be found in all of the learning materials given to
each group of student participants in the study. All photos were formatted so that each were
presented to the student in the same size. A panel of three tree identification experts, consisting
of two secondary agriculture instructors and Dr. Hallie Dozier, an assistant professor of Forestry
Extension and Natural Resources at Louisiana State University, reviewed the exam for content
validity. All photos chosen for the instrument were deemed to be of high quality, easy to
distinguish, and correct in species identification content.
There are eight reliability components that should be addressed by those who create
criterion-referenced examinations (Wiersma & Jurs, 1990). The actions taken by the researcher
to address each of the eight components to ensure reliability of the leaf identification test can be
viewed in Appendix T.
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Student Motivational Instrument
Student motivation was determined by using the Course Interest Survey (CIS) created by
Keller (2010). The overall goal Keller (2010) explained for the CIS (see Appendix K) is to assess
how motivated students are with respect to a specific lesson or class being taught. The instrument
contained 34 items which measured the four subscales of the ARCS model. The likert-type items
recorded student levels of agreement using a five point scale. All students in the study completed
the instrument online immediately before they logged in to take the post-test. Cronbach’s alpha
reliability estimates were tabulated based on pretesting, revising, and retesting procedures
conducted at a University in the Southeastern United States and are displayed in Table 1 (Keller,
2010). Internal consistency measures were satisfactorily high for each subscale and overall.
Situational validity was tested by correlating CIS scores for students who participated in the
reliability testing with GPA and course grades. All correlations between the CIS and course
grade were significant at or above the alpha level .05 and no correlations between GPA and CIS
scores were significant in the population. This supports validity of the CIS as a situational
measure of motivation and not as an overall construct measure of formal learning (Keller, 2010).
Table 1
CIS Internal Consistency Estimates Obtained by Keller (2010)
Scale
Attention

Reliability Estimate
Cronbach’s α
0.84

Relevance

0.84

Confidence

0.81

Satisfaction

0.88

Total Scale (CIS)

0.95
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The scoring guide used to attain measures of ARCS using the CIS is illustrated in Table 2
(Keller, 2010, p 280). Those items that are labeled reverse were reverse coded in the Qualtrics
software when the instrument was entered. Students identified themselves by their student
identification number created by the researcher and organized by the teacher on the first question
of the instrument.
Table 2
Scoring Guide for the Course Interest Survey (Keller, 2010)
Attention

Relevance

Confidence

1

2

3

7 (reverse)

4 (reverse)

5

6 (reverse)

12

10

8 (reverse)

9

14

15

13

11 (reverse)

16

21

20

17 (reverse)

18

24

22

27

19

26 (reverse)

23

30

31 (reverse)

29

25 (reverse)

34

32

28

Satisfaction

33

Fidelity of the Treatment
To ensure fidelity of the treatment, binders were made for both teacher groups that
detailed step-by-step instructions for each instructional period. Within the detailed binders was a
lesson plan, and daily agenda (see Appendix P) that teachers were to check off as they
progressed through the lessons. Also included in the agenda was a notes section where teachers
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could document any major changes or disruptions experienced during the instructional periods.
These daily agendas and notes sections were mailed back to the researcher upon completion of
the lessons. To ensure students received the same amount of instruction, there was a testing
window created for the post-test that allowed students who missed instructional days due to
illness, sports, or other excused absences to take the post-test upon completion of five days of
instruction.
Data Collection Protocol
Upon permission from the Institution Review Board of Louisiana State University (see
Appendix A) and dissertation committee, the researcher utilized Test Generator Web and
Qualtrics to collect data from the student sample. Students completed the pretest (see Appendix
H) via Test Generator Web on Monday, September 19th, 2016 by logging into the website with
their individual student identification number assigned by the teacher. These tests were
automatically graded and reported to the researchers’ administration portal on Test Generator
Web. The software was programmed so that the student could not retake the exam or see it after
completion. Scores were emailed to each individual teacher the night of the pretest.
On Tuesday, September 20th, 2016 teachers began the instructional process. Participating
teachers were provided a PowerPoint presentation that contained foundational knowledge
pertaining to the identification of leaf types (see Appendix L). After this presentation the
treatment group teachers then facilitated their students in the downloading and proper usage of
Leafsnap to identify high quality photographs of thirty species of trees using leaf samples
provided by the researcher (see Appendix G). Treatment group teachers also facilitated their
students in the downloading and creation of a Quizlet account. Students in the comparison group
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began identifying the same leaf samples provided by the researcher with the use of printed
materials.
Each of the remaining instructional days began with a formative assessment and ended
with a formative assessment. Formative assessments were administered to the treatment group
with the flashcard app Quizlet. Teachers who administered the treatment were given study sets
created by the researcher with Quizlet that contained different photos of all 30 trees in the study.
The comparison group students also began and ended each instructional day with formative
assessments that either utilized paper-based flashcards with the trees name or a scorecard created
by the researcher that contained all thirty species (see Appendix I). The remaining instructional
time was spent identifying leaf samples using smartphones or manuals. Teachers were also
instructed to check each student’s leaf collection on Leafsnap to ensure the students were
positively identifying the samples. Likewise, comparison group teachers were trained to check
student’s accuracy when identifying the photos using paper manuals. Tuesday, September 27th,
2016 was the scheduled day to administer the CIS (See Appendix K) and the post-test (see
Appendix H). Students logged in to Qualtrics and completed the online instrument that collected
demographic (see Appendix J) and CIS data before they were allowed by the teacher to log in to
Test Generator Web to take the post-test.
Data Screening
The initial phase of data analysis began with screening data to ensure quality from a
thorough check for missing data, outliers, and normality. Coding for the survey was performed
by the researcher a priori in Qualtrics. Grading and reporting results were reported automatically
by the Test Generator Web software package. Pretest, post-test scores, demographic, and CIS
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data were exported into an excel document for screening (n = 306). Data were then analyzed
with IBM SPSS version 23 for Windows.
Exploring for missing exam data presented seven cases where students missed the pretest
and two cases missing post-test data. These nine cases were deleted from the data set. Exploring
for outliers on the pretest revealed two students belonged to the treatment group with extremely
high pre-knowledge scores of tree identification (97% and 70%). These subjects were deleted
because they fell three standard deviations above the mean pretest score (16.5%, SD = 8.29). It
was later discovered that these two students trained on the schools’ FFA forestry team for two
years. Post-test scores revealed three subjects in the comparison group who scored a zero on the
post-test. Those three outliers were deleted from the data based on criteria they fell three
standard deviations below the post-test mean (M = 42.8%, SD = 20.7). Exploring the remaining
data resulted in 29 cases with missing data in at least one construct item on the CIS instrument.
All 29 cases missing construct responses were deleted from the data set. Three additional cases
were found to have missing demographic data, but were not deleted from the data set. After data
screening, the overall sampled size was 263.
The assumption of normality for the dependent variables (i.e., post-test, Attention,
Relevance, Confidence, Satisfaction and Motivation) was also tested. Kolmogorov-Smirnov (KS) testing suggested the distributions for each DV were not significantly non-normal.
Furthermore, visual inspection of histograms and scatterplots were conducted by the researcher
under the guidance of a faculty member in educational research. When a sample size is larger
than 200 it is better to evaluate normality visually (Field, 2009). Visual inspection of the
distributions for each DV supported the assumption of normality.
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Furthermore, in samples over 200, skewness values compared to zero are more useful
than Shapiro-Wilk significance tests for skewness (Field, 2009). Skewness and kurtosis values
were converted to z-scores to determine the extent of skewness and kurtosis. Skewness and
kurtosis z-scores did not exceed the critical value of 2.58 (Field, 2009) for this sample size.
Therefore, it was concluded that the data were not excessively skewed.
Data Analysis
Data associated with research question number one were analyzed with IBM SPSS
version 23 for Windows. The first research question asked, what are the personal and educational
characteristics of students enrolled in agriculture courses in Louisiana? Gender, race, and high
school classification, were described using frequency and percent, which is appropriate for
nominal and ordinal data. Age and number of agricultural classes taken were interval data and
were described using means and standard deviations. The items used to collect personal and
educational information (item numbers two through nine) are shown in the research instrument
in Appendix J.
Research question number two asked if differences existed in pretest and post-test leaf
identification scores between students who learned with smartphones and students who learned
with printed materials. The data collected for inferential analysis in this study was a classic
example of nested data (Raudenbush & Byrk, 1986). The treatment and comparison group
contained students nested within schools. Because the students were grouped within their natural
school setting, the synergy between students in the same school makes them more alike than
students in the other schools (Raudenbush & Byrk, 2002). As a result, the measurements of
students pretest and post-test achievement cannot be considered statistically independent
(Raudenbush & Byrk, 2002) rendering traditional approaches like ANOVA and regression
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unsuitable. Failure to recognize the hierarchal nature of a nested data set in educational settings
may result in unreliable data analysis and misguided educational policy (Raudenbush & Byrk,
2002). Therefore, a two-level hierarchical linear model (HLM) with fixed effects was employed.
This statistical method has advantages over tests that assume independence of groups because it
accounts for variance in the dependent variable (DV) by students across the school level. The
independent variable (IV) in the model that predicted achievement was group (treatment or
comparison). The dependent variable (DV) was post test score on the leaf identification test. The
covariate was the pretest (centered). Grand mean centering is most often preferred when models
will involve level one and level two predictors (Peugh, 2010; Wu & Wooldridge, 2005).
Centering scores means rescaling them in a way that a researcher can determine if a relationship
exists between the predictor and the outcome based on school level factors (Peugh, 2010; Wu, &
Wooldridge, 2005). Therefore, grand mean centering was performed on the covariate in SPSS by
subtracting the individual students pretest score from the sample mean (Xij- x̅ ).
Not all nested data sets warrant HLM (Peugh, 2010). Several steps were taken to ensure
that HLM was a viable statistical procedure. Conceptually, the Intraclass correlation coefficients
(ICC) is an effect size calculation similar to R2 for regression and eta-squared for ANOVA
(Peugh, 2010). ICC helped determine if sufficient variance existed across students within schools
to warrant HLM (McGraw & Wong, 1996).
An ICC calculation that equals zero implies no variation in post-test scores exists across
schools, and that all variation exists between students. If this were the case, then traditional
techniques like ANOVA are warranted. However, as ICC increased, statistical evidence
supported the variation of scores occur across schools and the assumption of independence is
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violated. In order to determine the ICC for the DV, an unconditional model (i.e. one-way random
effects ANOVA) was utilized (Castro, 2001).
The following equation represent the unconditional means model that lead to calculating
the ICC for post-test (Peugh & Enders, 2005).
ICC=τ00/ τ00+σ2
Where τ00 = variance across schools (intercept) and σ2 = residual
An unconditional model for post-test by school was calculated using the mixed model command
in SPSS (Peugh & Enders, 2005). Schools accounted for 9.4% of the variance in post-test scores
(see Table 3).
Table 3
Unconditional Model Estimates of Covariance Parameters for Post-test (n = 263) and the
Resulting ICC to Determine if Enough Variation Occurred Across Schools to Warrant HLM
Analysis of Achievement Data
DV
Post-test

Parameter

Estimate

ICC

Residual (σ2)

368.32

9.4%

School variance (τ00)

37.63

Studies support that ICC values between 5% and 20%, warrant social science research to
utilize HLM (Muthén, 1994; Raudenbush & Bryk, 2002; Peugh, 2010). This variation across
schools suggested post-test scores are not statistically independent and HLM is warranted to
properly analyze the nested data.
After calculating the ICC from the unconditional model, the HLM technique had three
steps. The first step produced the level one model which measured student differences in
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achievement between groups as a function of school. The second step produced the full model
which measured group level outcomes on achievement as a function of school while controlling
for prior knowledge. The third step utilized likelihood ratio testing to determine if adding a
school level variable improved the model. This model building process was necessary to
determine if adding school level effects improved the model. Most importantly, step two (full
model) specifically addressed research question number two.
The following equations pertain to building the models for research question number two.
The independent variable was the group (i.e. treatment or control), the dependent variable was
post-test.
Level 1: Yij = βj + β1 Preij + rij
Where Yij = post test score (Y) for student (i) nested in school (j), βj = mean achievement
score in school (j), β1 = slope relating pretest to post-test [this value does not vary by school],
Preij is the score of student (i) in school (j) on the pretest, and rij = residual of for student (i) in
school (j). The pretest scores were grand-mean centered for these analyses. The grand mean
centered pretest variable at level one adjusted post-test means by the influence at level two much
the same way as an analysis of covariance (ANCOVA) (Wu & Wooldridge, 2005).
The Level 2 model can be depicted as follows:
Level 2: βj = γ00 + γ1 Z1j + uj
Where βj is the adjusted mean post-test in school (j), γ00 is the overall adjusted mean
post-test for schools, Z1j is an indicator variable [0=treatment school, 1=comparison school],
γ1 captures the difference in means for the treatment and control schools, and uj is random error.
The full model is as follows:
Yij = γ00 + γ1 Z1j + β1 Preij + rij + u
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Power was addressed using Optimal Design software by Raudenbush. This sample
provided medium power for a moderate effect size equaling 0.33. A chart illustrating power for
this study can be viewed in Appendix R.
Research question number three asked what differences existed in student motivation
between students who learned through smartphone technology and students who learned through
printed materials. Motivation can be affected by perceived performance on an exam (Keller,
2010). Therefore, to ensure the students perceptions were directed solely at the motivation they
received from the instructional methods, the CIS was taken by the students as a prerequisite to
the leaf identification post-test. The measurement was only taken once at the end of the study.
Both the treatment and comparison groups completed the CIS instrument on Qualtrics and the
data was instantly reported to the researcher by the Qualtrics system. The independent variable
was group (i.e., treatment or control). The dependent variables were the four constructs measured
by the CIS (i.e., Attention, Relevance, Confidence, and Satisfaction) as well as overall
Motivation. Since the instrument was only completed one time at the end of the study, the HLM
could not control for prior motivation. An unconditional model was run and an ICC was
calculated for each DV. All constructs in the scale warranted HLM and all ICC can be seen in
Appendix U.
After calculating the ICC from the unconditional model, the HLM technique had three
steps. The first step produced the level one model which measured student differences in each
DV at the school level. The second step produced the full model which measured group level
outcomes on the DV nested in schools. The third step utilized likelihood ratio testing to
determine if adding a school level variable improved the level one model. This model building

67

process was necessary to determine if adding school level effects improved the model. Most
importantly, step two (full model) specifically addressed research question number three.
The following pertains to building the models for research question number three. The
independent variable was group (treatment or control), the dependent variables were Attention,
Relevance, Confidence, Satisfaction and Motivation.
Level 1: Yij = βij + rij
Where Yij = construct scores (Y) for individual student (i) nested in schools (j), βij = mean
construct score for a given school and rij = residual of individual student difference in construct
score around the school mean. School names were deleted and each school was given a school
number to account for j in the analysis.
Full Model: β1j = γ00 + (GROUP) 1j + u1j
Where β1j = mean construct score for treatment group schools, γ00 = grand mean, (GROUP)1j
= treatment group variable, u1j = treatment group schools deviation from the grand mean.
Full Model: β0j = γ00 (GROUP) 0j + u0j
Where β0j = mean construct score for comparison group schools, γ00 = grand mean,
(GROUP) 0j = comparison group variable, u0j = comparison group schools deviation from the
grand mean.
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CHAPTER 4: RESULTS

Purpose of the Study
This dual-purpose study (a) compared achievement levels between two groups of
students in a forestry curriculum learning with smartphones or with printed materials and (b)
determined motivational differences between those groups. The following research questions
guided the study:
1. What are the personal and educational characteristics of students enrolled in agriculture
courses offering a forestry curriculum in Louisiana?
2. What differences existed in pretest and post-test leaf ID scores between students learning
through smartphone technology and students learning through printed materials?
3. What differences existed in student motivation (e.g., Attention, Relevance, Confidence,
Satisfaction, and Motivation) between students learning through smartphone technology
and students learning through printed materials?
Null Hypotheses
The following null hypotheses guided the data analysis.
Ho1:

There were no statistically significant differences in leaf ID pretest and post-test scores
between students learning through smartphones and students learning through printed
materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho2:

There were no statistically significant differences in Attention between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)
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Ho3:

There were no statistically significant differences in Relevance between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho4:

There were no statistically significant differences in Confidence between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho5:

There were no statistically significant differences in Satisfaction between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho6:

There were no statistically significant differences in Motivation between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Research Question One: Student Characteristics
Research question number one sought to describe the personal and educational
characteristics of students enrolled in secondary agriculture courses in Louisiana. These students
were enrolled in Louisiana secondary agriculture classes offering a forestry curriculum in the fall
of 2016. In total, 263 students completed all parts of the study. Frequency and percentage were
used to describe the personal (see Table 4) and educational (see Table 5) characteristics reported
by the sample.
Regarding the sample personal demographics, most were male (73.4%), 15 & 16 years
old (60.5%), and White/Caucasion (71.5%).
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Table 4
Personal Characteristics of Louisiana Students Enrolled in Secondary Agriculture Classes
Offering a Forestry Curriculum in the Fall of 2016 (n. = 263)
Variable

f

%

Male

193

73.4

Female

70

26.6

13

10

3.8

14

37

14.1

15

77

29.3

16

82

31.2

17

44

16.7

18

12

4.6

19

1

0.4

Caucasian

188

71.5

African-American

51

19.5

Asian

3

1.1

American Indian

3

1.1

Hispanic

9

3.4

Other

9

3.4

Gender

Age

Ethnicity
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Regarding high school classification, seniors (9.1%) made up the smallest portion of the
sample (see Table 5). Almost half (46.8%) of the students indicated they had taken two
agriculture classes (see Table 5).
Table 5
Educational Characteristics of Louisiana Students Enrolled in Agriculture Classes Offering a
Forestry Curriculum in the Fall of 2016 (n. = 263)
Variable

f

%

Freshman (9th grade)

68

25.9

Sophomore (10th grade)

92

35.0

Junior (11th grade)

79

30.0

Senior (12th grade)

24

9.1

1

100

38.0

2

123

46.8

3

24

9.1

4

10

3.8

5

2

0.8

6

3

1.1

7

1

0.4

Classification

Agricultural Courses
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Research Question Two: Achievement
The second research question sought to determine if differences existed in achievement
between students who learned with smartphones and those who learned with printed materials. A
30 item pretest was employed to assess prior knowledge and used as a covariate to control for
prior knowledge in the analysis. The same 30 items constituted the post-test, and were used to
measure achievement differences after the student-centered learning process was complete. All
independent and dependent variables of students nested in schools, clustered into groups (i.e.
treatment and comparison) were analyzed using Hierarchical Linear Modeling (HLM) with
maximum likelihood estimation. The pretest covariate was adjusted by grand mean centering.
Centering scores means rescaling them in a way that a researcher can determine if a relationship
exists between the predictor and the outcome based on school level factors (Peugh, 2010; Wu, &
Wooldridge, 2005). Therefore, grand mean centering was performed on the covariate in SPSS by
subtracting the individual students pretest score from the sample mean (Xij- x̅ ).
HLM consisted of three phases. Phase one produced the level one model which measured
student differences in achievement between groups as a function of school. Phase two produced
the full model which measured group level outcomes on achievement as a function of school
while controlling for prior knowledge. Phase three utilized likelihood ratio testing to determine if
adding a school level variable improved the level one model. Most importantly, the full model
(phase two) specifically addressed research question number 2.
Pretest and Post-test Descriptive Data
The final analysis conducted consisted of a treatment group (n = 128) and a comparison
group (n = 135) that completed the pretest, the learning interventions, and the post-test.
The pretest and post-test consisted of 30 items and scores ranged from 0–100%. Pretest mean for
the treatment (n = 128) group was 16.5% (SD = 8.29). Pretest mean for the comparison group (n
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= 135) was 17.0% (SD = 6.05). Therefore, groups had equivalent prior knowledge before the
intervention. The post-test mean for the treatment group (n = 128) was 46.0% (SD = 19.6) and
the post-test mean for the comparison (n = 135) was 42.8% (SD = 20.7). A box and whisker plot
illustrating post-test scores by school can be seen in Appendix S.
Achievement Level One Model
The level one predictor for Achievement was the grouping variable (i.e. treatment or
comparison). The intercept in this model was based on fixed effects and was the treatment group
mean (M = 46.0). No statistically significant difference (p > .05) was found in Achievement between
the treatment (n = 128) and comparison group (n = 135) at level one (γ00 = -3.26, SE = 2.48, t = –1.31,
df = 263, F = 1.73 and p = .190) (see Table 6).
Table 6
Level One Model for Achievement Between Treatment and Comparison Group After Accounting for
Individual Student Differences as a Function of School
Fixed effects

Coefficient (SE)

t (df)

F (p)

Level one model
Intercept (1j mean)

46.0 (1.78)

25.9 (263)

Group (0j) variance nested in school (γ00)

–3.26 (2.48)

(–1.31) (263)

1281.3 (.000)
1.73 (.190)

Note: Deviance (maximum likelihood) X2 = 2325.1; 3 estimated parameters.
Achievement Full Model
The full model analyzed Achievement between groups as a function of school while
controlling for prior knowledge. Specifically, this model addresses research question number 2.
Prior knowledge is controlled for in the full model by adding a covariate (pretest) which was
centered. The new intercept estimate (M = 45.8) was the mean for the treatment group adjusted
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for individual differences by school. There was no statistically significant difference (p > .05) in
Achievement (γ00 = .56, SE = .35, t = 1.62, df = 262, F = 2.63 and p = .106) between the
treatment and comparison groups nested in schools. Therefore, the first null hypothesis was not
rejected (see Table 7).
The critical value for X2 (df = 3) was 11.34 (p < .01). The -2LL ratio test between the
models yielded a statistically significant difference (p < .01) when the variance due to group was
confounded with the variance due to school (X2 = 22.1, df = 3 p < .01).
Table 7
Full model for Achievement Between Treatment and Comparison Group as a Function of School
While Controlling for Prior Knowledge
Fixed effects

Coefficient (SE)

t (df)

F (p)

Full model
Intercept (adjusted β1j mean)a

45.8 (2.89)

15.8 (14.3)

446.9 (.000)

Grouping (0j) variance nested in school

–3.68 (4.16)

–.844 (13.2)

.782 (.392)

.56 (.35)

1.62 (262)

2.63 (.106)

(γ00)
Group * Pretest (β0j)

Note: Deviance (maximum likelihood) X2 = 2303.0; six estimated parameters.
fixed effects = group (IV) and random effects = school (subject)
Research Question Three: Motivation
The final research question sought to determine if differences existed in motivation
between students who learned with smartphones and those who learned with printed materials.
Motivational constructs (Attention, Relevance, Confidence, Satisfaction, and Motivation) and
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grouping variables with students nested in schools were analyzed using HLM with maximum
likelihood estimation.
After calculating the Intraclass Correlation Coefficient (ICC) from the unconditional
model, the HLM technique consisted of three phases. Phase one produced the level one model
which measured student differences in each DV at the school level. Phase two produced the level
two model which measured group level outcomes on the DV nested in schools. Phase three
utilized likelihood ratio testing to determine if adding a school level variable improved the level
one model. Most importantly, the full model (phase two) specifically addressed research question
number three.
Attention, Relevance, Confidence, Satisfaction and Motivation Descriptive Data
The final analysis conducted on all variables in the model consisted of a treatment group
(n = 128) and a comparison group (n = 135) that completed the CIS instrument after the learning
process was completed. Means (range = 1-5) were utilized for the individual constructs (i.e.
Attention, Relevance, Confidence, and Satisfaction) Means from the treatment and comparison
group for each construct can be seen in Appendix V. Overall Motivation was calculated with the
summated score (range = 34-170) of the Course Interest Survey (CIS). The summated score for
the treatment and comparison group can be seen in Appendix V.
Attention Level One Model
The level one predictor for Attention was the grouping variable (treatment or
comparison). The intercept in this model was based on fixed effects and was the treatment group
mean (3.24). There was no statistically significant difference (p > .05) in Attention (see Table 8)
between the treatment (n = 128) and comparison group (n = 135) at level one (γ00 = .18, SE =
.10, t = 1.84, df = 263, F = 3.37 and p = .068).
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Table 8
Level One Model for Attention Between Treatment and Comparison Group Before Accounting
for Individual Differences
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (1j mean)

3.24 (.07)

46.9 (263)

4764.9 (.000)

Group (0j) variance nested in school (γ00)

.18 (.10)

1.84 (263)

3.37 (.068)

Note: Deviance (maximum likelihood) X2 = 617.3; three estimated parameters.
Attention Full Model
The full model analyzed Attention between groups as a function of school. The new
intercept estimate (3.22) was the mean for the treatment group adjusted for individual differences
by school. There was no statistically significant difference (p > .05) in Attention between the
nested treatment (n = 128) and comparison group (n = 135) at level two (β0j = .10, SE = .21, t =
.476, df = 12, F = .227 and p = .642). Therefore, the second null hypothesis was not rejected (see
Table 9).
The critical value for X2 (df = 1) was 6.63 (p < .01).The -2LL ratio test between the
models yielded a statistically significant difference when the variance due to group was
confounded with the variance due to school (X2 = 22.27, df = 1 p < .01). This results shows an
improvement from the level one model which does not allow for individual student differences
and full model which accounts for school level differences.
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Table 9
Full Model for Attention Between the Treatment and Comparison Group After Adjusting for
Individual Student Differences as a Function of School
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (adjusted β1j mean)a

3.22 (.14)

22.2 (13)

972.8 (.000)

Group (β0j) variance nested in schools

.10 (.21)

.476 (12)

.227 (.642)

Note: Deviance (maximum likelihood) X2 = 595.1; four estimated parameters.
fixed effects = group (IV) and random effects = school (subject)
Relevance Level One Model
The level one predictor for Relevance was the grouping variable (treatment or
comparison). The intercept in this model was based on fixed effects and was the treatment group
mean (3.52). There was no statistically significant difference (p > .05) in Relevance (see Table
10) between the treatment (n = 128) and comparison group (n = 135) at level one (γ00 = .08, SE =
.10, t = .833, df = 263, F = .695 and p = .405).
Table 10
Level One Model for Relevance Between Treatment and Comparison group before accounting
for individual differences.
Fixed effects

Coefficient (SE)

t (df)

F (p)

Level one model
Intercept (1j mean)

3.52 (.07)

48.6 (263)

4955.8 (.000)

Group (0j) variance nested in school (γ00)

.08 (.10)

.833 (263)

.695 (.405)

Note: Deviance (maximum likelihood) X2 = 641.8; three estimated parameters.
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Relevance Full Model
The full model analyzed Relevance between groups as a function of school. The new
intercept estimate (3.51) was the mean for the treatment group adjusted for individual differences
by school. There was no statistically significant difference (p > .05) in Relevance between the
nested treatment (n = 128) and comparison group (n = 135) at level two (β0j = .04, SE = .17, t =
.226, df = 11, F = .05 and p = .826). Therefore, the third null hypothesis was not rejected (see
Table 11).
The critical value for X2 (df = 1) was 6.63 (p < .01). The -2LL ratio test between the
models yielded a statistically significant difference when the variance due to group was
confounded with the variance due to school (X2 = 7.4, df = 1, p < .01).
Table 11
Full Model for Relevance between the Treatment and Comparison Group After Adjusting for
Individual Student Differences as a Function of School
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (adjusted β1j mean)a

3.51 (.12)

29.2 (12)

1679.0 (.000)

Group (β0j) variance nested in schools

.04 (.17)

.226 (11)

.05 (.826)

Note: Deviance (maximum likelihood) X2= 634.4; four estimated parameters.
fixed effects = group (IV) and random effects = school (subject)
Confidence Level One Model
The level one predictor for Confidence was the grouping variable (treatment or
comparison). The intercept in this model was based on fixed effects and was the treatment group
mean (3.86). There was no statistically significant difference (p > .05) in Confidence (see Table
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12) between the treatment (n = 128) and comparison group (n = 135) at level one (γ00 = .07, SE
= .08, t = 775, df = 263, F = .600 and p = .439)
Table 12
Level One Model for Confidence Between Treatment and Comparison group before accounting
for individual differences.
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (1j mean)

3.86 (.06)

63.7 (263)

8465.8 (.000)

Group (0j) variance nested in school (γ00)

.07 (.08)

.775 (263)

.600 (.439)

Level one model

Note: Deviance (maximum likelihood) X2 = 548.1; three estimated parameters.
Confidence Full Model
The full model analyzed Confidence between groups as a function of school. The new
intercept estimate (3.87) was the mean for the treatment group adjusted for individual differences
by school. There was no statistically significant difference (p > .05) in Confidence between the
nested treatment (n = 128) and comparison group (n = 135) at level two (β0j = .01, SE = .15, t =
.076, df = 11, F = .006 and p = .941). Therefore, the fourth null hypothesis was not rejected (see
Table 13).
The critical value for X2 (df = 1) was 6.63 (p < .01). The -2LL ratio test between the
models yielded a statistically significant difference when the variance due to group was
confounded with the variance due to school (X2 = 8.9, df = 1, p < .01).
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Table 13
Full Model for Confidence Between the Treatment and Comparison Group After Adjusting for
Individual Student Differences as a Function of School
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (adjusted β1j mean)a

3.87 (.11)

37.1 (12)

2672.5 (.000)

Group (β0j) variance nested in schools

.10 (.15)

.076 (11)

.006 (.941)

Note: Deviance (maximum likelihood) = 539.2; four estimated parameters.
fixed effects = group (IV) and random effects = school (subject)
Satisfaction Level One Model
The level one predictor for Satisfaction was the grouping variable (treatment or
comparison). The intercept in this model was based on fixed effects and was the treatment group
mean (3.55). There was no statistically significant difference in Satisfaction (see Table 14)
between the treatment (n = 128) and comparison group (n = 135) at level one (γ00 = .05, SE =
.10, t = .535, df = 263, F = .287 and p = .593).
Table 14
Level One Model for Satisfaction Between Treatment and Comparison group before accounting
for individual differences.
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (1j mean)

3.55 (.07)

49.5 (263)

5110 (.000)

Group (0j) variance nested in school (γ00)

.05 (.10)

.535 (263)

.287 (.593)

Level one model

Note: Deviance (maximum likelihood) X2 = 636.7; three estimated parameters.
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Satisfaction Full Model
The full model analyzed Satisfaction between groups as a function of school. The new
intercept estimate (3.54) was the mean for the treatment group adjusted for individual differences
by school. There was no statistically significant difference in Satisfaction between the nested
treatment (n = 128) and comparison group (n = 135) at level two (β0j = –.01, SE = .20, t = –.05,
df = 11, F = .003 and p = .961). Therefore, the fifth null hypothesis was not rejected (see Table
19).
The critical value for X2 (df = 1) was 6.63 (p < .01). The -2LL ratio test between the
models yielded a statistically significant difference (see Table 15) when the variance due to
group was confounded with the variance due to school (X2 = 15.2, df = 1, p < .01).
Table 15
Full Model for Satisfaction between the Treatment and Comparison Group after Adjusting for
Individual Student Differences as a Function of School
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (adjusted β1j mean)a

3.54 (.14)

25.1 (12)

1198.8 (.000)

Group (β0j) variance nested in schools

–.01 (.20)

–.05 (11)

.003 (.961)

Note: Deviance (maximum likelihood) = 621.5; four estimated parameters.
fixed effect was group (IV) and random effect was school (subject)
Motivation Level One Model
The level one predictor for Motivation was the grouping variable (treatment or
comparison). The intercept in this model was based on the fixed effects and was the treatment
group mean (120.5). There was no statistically significant difference (p > .05) in Motivation (see
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Table 16) between the treatment (n = 128) and comparison group (n = 135) at level one (γ00 =
3.18, SE = 2.95, t = 1.10, df = 263, F = 1.17 and p = .281).
Table 16
Level One Model for Motivation Between Treatment and Comparison group before accounting
for individual differences.
Fixed effects

Coefficient (SE)

t (df)

F (p)

Level one model
Intercept (1j mean)

120.5 (2.11)

57.0 (263)

6853.4 (.000)

Group (0j) variance nested in school (γ00)

3.18 (2.95)

1.10 (263)

1.17 (.281)

Note: Deviance (maximum likelihood) X2 = 2415.8; three estimated parameters.
Motivation Full Model
The full model analyzed Motivation between groups as a function of school. The new
intercept estimate (120.2) was the mean for the treatment group adjusted for individual
differences by school. There was no statistically significant difference (p > .05) in Motivation
between the nested treatment (n = 128) and comparison group (n = 135) at level two (β0j = 1.04,
SE = 5.94, t = .176, df = 11, F = .031 and p = .864). Therefore, the sixth null hypothesis was not
rejected (see Table 17).
The critical value for X2 (df = 1) was 6.63 (p < .01). The -2LL ratio test between the
models yielded statistically significant differences when the variance due to group was
confounded with the variance due to school (X2 = 15.1, df = 1, p < .01).
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Table 17
Full Model for Motivation Between the Treatment and Comparison Group After Adjusting for
Individual Student Differences as a Function of School
Fixed effects

Coefficient (SE)

t (df)

F (p)

Intercept (adjusted β1j mean)a

120.2 (4.11)

29.2 (12)

1648.7 (.000)

Group (β0j) variance nested in schools

1.04 (5.94)

.176 (11)

.031 (.864)

Note: Deviance (maximum likelihood) = 2400.7; four estimated parameters.
fixed effect was group (IV) and random effect was school (subject)
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CHAPTER 5: CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS

Purpose of the Study
This dual-purpose study (a) compared achievement levels between two groups of
students in a forestry curriculum learning with smartphones or with printed materials and (b)
determined motivational differences between those groups. The following research questions
guided the study:
1. What are the personal and educational characteristics of students enrolled in agriculture
courses offering a forestry curriculum in Louisiana?
2. What differences existed in pretest and post-test leaf ID scores between students learning
through smartphone technology and students learning through printed materials?
3. What differences existed in student motivation (e.g., Attention, Relevance,Confidence,
Satisfaction, and Motivation) between students learning through smartphone technology
and students learning through printed materials?
Null Hypotheses
The following null hypotheses guided the data analysis.
Ho1:

There were no statistically significant differences in leaf ID pretest and post-test scores
between students learning through smartphones and students learning through printed
materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho2:

There were no statistically significant differences in Attention between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)
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Ho3:

There were no statistically significant differences in Relevance between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho4:

There were no statistically significant differences in Confidence between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho5:

There were no statistically significant differences in Satisfaction between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Ho6:

There were no statistically significant differences in Motivation between students learning
through smartphones and students learning through printed materials.
(µ1 Smartphone = µ2 Printed Materials)

Participants
Louisiana high school students (n = 263) from 13 schools who were enrolled in an
agricultural education class in which forestry was taught during the 2016-2017 school year
participated in the study. In all, 128 students received the treatment and 135 were in the
comparison group. This purposive sample clustered students in groups based on school policy.
The treatment group consisted of students attending six schools that allowed students to use
smartphones in class. The comparison group consisted of students belonging to seven schools
that did not allow students to use smartphones in class.
Design
The pre-experimental study design utilized nonequivalent comparison groups. A
treatment group and an untreated comparison group completed a pretest before the intervention
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and a post-test afterwards (Campbell & Stanley, 1963). Versions of the nonequivalent control
group design are the most commonly used in pre-experimental designs (Shadish et al., 2002).
Random sampling and random assignment were not feasible because of differences in parish
policies towards the treatment. Since random assignment was not used to assign subjects to
levels of the treatment or the level of treatment to the groups, pre-experimental equivalence was
not assumed. However, a pretest was employed to establish group equivalence prior leaf
identification knowledge.
Students were pretested to determine prior knowledge of leaf identification and to
establish equivalence in prior knowledge. The research design regarding student achievement in
leaf identification is illustrated in figure three. According to Campbell and Stanley (1963) X
represents the independent variable, subscript E represents the experimental level of the
treatment, subscript C represents the comparison level of the treatment, and O represents a
measurement made during the study. Numerical subscripts are used to indicate when the
measurements were taken during the study. This results in O1 being the pretest for the treatment
group and the comparison group. O2 is the post-test for the treatment group and the comparison
group. NR stands for nonrandom assignment (Shadish et al., 2002).
NR

O1 XE O2

---------------------------NR

O1 XC O2

Figure 4. Research design for student achievement. Adapted from Shadish et al., (2002) and
Campbell & Stanley (1963), this figure represents participants purposefully (NR) assigned to a
treatment group (XE) or non-treatment comparison group (XC) which utilized a pretest (O1) and
post-test (O2) to measure achievement gains after the learning process.
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Pretest and post-test data were collected using an online testing platform named Test
Generator created by Fain and Company. Owner and CEO David Fain donated the software and
200 user licenses to be used for the study. Test Generator is an online platform that allowed the
researcher to receive instant results from the tests, and it eliminated the need for the teachers
participating in the study to grade tests. Both groups completed the pretest on Test Generator the
day before any leaf identification lessons were taught.
In addition to student achievement in leaf identification, levels of student motivation
(Attention, Relevance, Confidence and Satisfaction [ARCS]) were also measured using the
course interest survey (CIS) developed by Keller (1988) (see Appendix K). Students completed
demographic items, as well as the 34 item CIS instrument via Qualtrics. All students (n = 263)
who completed the pretest and instructional portion of the study completed the online survey as a
pre-requisite to the post test. Data were collected between September 19th and September 29th,
2016.
Treatment
The treatment evaluated in this study was utilizing smartphones to identify tree species
and complete formative assessments. Participants engaged in a student-centered learning
approach to identify unknown species of trees with their smartphone. Teachers used guided
inquiry to facilitate students to identify tree species and formatively assess learning with
advanced smartphone applications. The treatment group used three free mobile apps (Leafsnap,
Vtree, and Tree Book) to identify tree species. Students took a picture of a leaf with Leafsnap
and the app suggested the species identity. The electronic flashcard app, Quizlet, was used by
students in the treatment group to complete formative tree identification assessments on their
smartphones. The researcher created study sets using Quizlet that the treatment groups used for
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practice. Quizlet assesses students through games played on a mobile platform that reports
results to the teacher instantly.
Achievement Measurement
The instrument used to collect leaf identification data for this study consisted of a
criterion-referenced pretest and post-test (see Appendix H) delivered electronically with Test
Generator Web testing software donated by Fain and Company. The leaf identification exam was
built by the researcher. Test Generator Web gives the students a picture in a pop-up window
which the student closed and answered the identification question that followed. The student
could recall the photo at any time during the question attempt as well as scroll back and forth
through the questions. The test employed 15 multiple choice items, 10 fill in the blank items, and
five true/false items. The scoring of the instrument was based on 100% point scale. Each item
was worth 3.33 percentage points with the exception of item number one which was worth 3.34
percentage points.
Thirty leaf samples resting on solid backgrounds were photographed by the researcher
using an iPad® camera and uploaded into Test Generator Web. The authentic photos were
chosen by the researcher based on experience in the subject of tree identification. Furthermore,
the 30 species were chosen because they could be found in the learning materials given to each
group of student participants in the study. A panel of three tree identification experts, consisting
of two secondary agriculture instructors and Dr. Hallie Dozier, an assistant professor of Forestry
Extension and Natural Resources, Louisiana State University, reviewed the exam for content
validity. All photos chosen for the instrument were deemed to be of high quality, easy to
distinguish, and correct in identification content.
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Motivational Measurement
Student motivation was determined by using the Course Interest Survey (CIS) created by
Keller (2010). The CIS (see Appendix K) was created to assess student motivation situational to
teaching methods. The overall goal Keller (2010) explained for the CIS is to determine how
motivated students are with respect to a specific lesson or class being taught. The instrument
contained 34 items which measured the four subscales of the ARCS model (Attention,
Relevance, Confidence, and Satisfaction) and overall motivational level. The likert-type items
recorded student’s level of agreement using a five point scale (1 = not true; 2 = slightly true; 3 =
moderately true; 4 = mostly true; 5 = very true). All students in the study completed the
instrument online immediately before they logged in to take the post test.
Procedures
Students completed the pretest via Test Generator Web on Monday, September 19th,
2016 by logging into the website with their individual student identification number assigned by
the teacher. These tests were automatically graded and reported to the researchers’
administration portal on Test Generator Web. The software was programmed so the student
could not retake the exam or see their score after completion. Scores were emailed to each
teacher the night of the pretest.
On Tuesday, September 20, 2016 teachers began the instructional process by teaching all
students in both groups the identifying characteristics of common tree leaves. Participating
teachers were provided a PowerPoint presentation that contained foundational knowledge
pertaining to the identification of leaf types (see Appendix L). After this initial lesson, the
treatment group teachers facilitated their students in the downloading and proper usage of
Leafsnap, Vtree, and Tree Book. Students used the apps to identify high quality photographs of
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thirty different leaf samples provided by the researcher (see Appendix G). Treatment group
teachers also facilitated their students in the downloading and creation of a Quizlet account.
Students in the comparison group began identifying the same leaf samples provided by the
researcher with the use of leaf identification manuals.
Each of the five days of instruction started with a formative assessment and ended with a
formative assessment. Formative assessments were administered to the treatment group with the
flashcard app Quizlet. Teachers were given study sets created by the researcher with Quizlet that
contained all 30 trees in the study. The comparison group students also began and ended each
instructional day with formative assessments that either utilized paper-based flashcards with the
trees name, or a scorecard created by the researcher that contained all thirty species (see
Appendix I). The remaining instructional time was spent identifying leaf samples using
smartphones or printed materials.
Tuesday, September 27th, 2016 was the scheduled day to begin administering the CIS
and the post-test (see Appendix H). Students logged in to Qualtrics and completed the online
survey that collected demographic data as well the CIS (see Appendix K) before they were
allowed by the teacher to log in to Test Generator Web to take the post-test. The post-test
window closed on September 29th, 2016.
Data Screening
The initial phase of data analysis began with screening data to ensure quality with a
thorough check for missing data, outliers, and normality. Coding for the survey was performed
by the researcher a priori in Qualtrics. Grading and reporting results were reported automatically
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by the Test Generator Web software package. Pretest scores, post-test scores, demographic, and
CIS data were exported into an Excel file for screening (n = 306).
Exploring for missing exam data presented seven cases where students missed the pretest and
two cases missing post-test data. These nine cases were deleted from the data set. Further,
exploring for outliers on the pretest revealed two students in the treatment group with extremely
high pre-knowledge scores of tree identification (97% and 70%). These subjects were deleted
because they fell three standard deviations above the mean pretest score (M = 16.5%, SD = 8.29).
It was later discovered that these two students trained on the schools’ FFA CDE forestry team for
two years. Post-test scores revealed three subjects in the comparison group who scored a zero on
the post-test. Those three outliers were deleted from the data based on criteria they fell three
standard deviations below the post-test mean (M = 42.8%, SD = 20.7). Exploring the remaining
data resulted in 29 cases with missing data in at least one construct item on the CIS instrument.
All 29 cases missing construct responses were deleted from the data set. Three additional cases
were found to have missing demographic data, but were not deleted from the data set. After data
screening, the treatment group consisted of 128 students and the comparison consisted of 135
students.
The assumption of normality for the dependent variables (i.e., post-test, Attention,
Relevance, Confidence, Satisfaction and Motivation) was also tested. Kolmogorov-Smirnov (KS) testing suggested the distributions for each DV were not significantly non-normal.
Furthermore, visual inspection of histograms and scatterplots were conducted by the researcher
under the guidance of a faculty member in educational research. When a sample size is larger
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than 200 it is better to evaluate normality visually (Field, 2009). Visual inspection of the
distributions for each DV supported the assumption of normality.
Furthermore, in samples over 200, skewness values compared to zero are more useful
than Shapiro-Wilk significance tests for skewness (Field, 2009). Skewness and kurtosis values
were converted to z-scores to determine the extent of skewness and kurtosis. Skewness and
kurtosis z-scores did not exceed the critical value of 2.58 (Field, 2009) for this sample size.
Therefore, it was concluded that the data were not excessively skewed.
Data Analysis
This data was analyzed with IBM SPSS version 23 for Windows®. Participant responses
were coded in Qualtrics. The first research question asked, what are the personal and educational
characteristics of students enrolled in agriculture courses in Louisiana? Gender, race, and high
school classification, were described using frequency and percent, which is appropriate for
nominal and ordinal data. Age and number of agricultural classes taken were interval data and
were described using means and standard deviations.
Research question number two asked if differences existed in leaf identification
achievement between students who were taught with smartphones and those taught without
smartphones. The pretest and post-test leaf identification examinations completed on Test
Generator Web provided individual student test scores based on 100 points.
The data collected for inferential analysis in this study was a classic example of nested data
(Raudenbush & Byrk, 1986). The treatment and comparison group were comprised of students
nested within schools. Because the students were grouped within their natural school setting, the
synergy between students in the same school makes them more alike than students in the other
schools (Raudenbush & Byrk, 2002). As a result, the measurements of students pretest and post93

test achievement cannot be considered statistically independent (Raudenbush & Byrk, 2002).
Traditional statistical approaches like ANOVA and linear regression are unsuitable for groups
comprised of sub-groups of students collected from different regions (Peugh, 2010; Raudenbush
& Byrk, 2002). Therefore, a two-level hierarchical linear model (HLM) with fixed effects was
employed to determine if differences existed between the treatment and comparison groups. This
statistical method has advantages over tests that assume independence of groups because it
accounts for individual student variance in the dependent variable (DV) at the school level. The
independent variable (IV) in the model that predicted achievement was group (i.e., treatment or
control). The dependent variable (DV) was post-test score on the leaf identification test. The
covariate was the pretest (centered). Grand mean centering is most often preferred when models
will involve level one and level two predictors (Peugh, 2010; Wu & Wooldridge, 2005).
Centering scores means rescaling them in a way that a researcher can determine if a relationship
exists between the predictor and the outcome based on school level factors (Peugh, 2010; Wu, &
Wooldridge, 2005). Therefore, grand mean centering was performed on the covariate in SPSS by
subtracting the individual students pretest score from the sample mean (Xij- x̅ ).
It should be noted that not all nested data sets warrant HLM (Peugh, 2010). Several steps
were taken to ensure HLM was the appropriate statistical procedure for the data set collected for
this study. Intraclass correlation coefficients (ICC) were calculated to determine if sufficient
variance existed across individual students within schools to warrant HLM (McGraw & Wong,
1996). In order to determine the ICC for the DV, an unconditional model (i.e. one-way random
effects ANOVA) was utilized (Castro, 2001). An unconditional model for post-test by school
was executed using the mixed model command in SPSS (Peugh & Enders, 2005). In all, school
effects accounted for 9.4% of the variance in post-test scores.
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Studies have supported that ICC values between five and 20% warrant social science
research to utilize HLM (Muthén, 1994; Raudenbush & Bryk, 2002; Peugh, 2010). This variation
across schools suggested post-test scores are not statistically independent and HLM is warranted
to properly analyze the nested data.
After calculating the ICC from the unconditional model, the HLM technique had three
steps. The first step produced the level one model which measured student differences in
achievement at school level. The second step produced the full model which measured group
level outcomes on the DV nested in schools while controlling for prior knowledge. The third step
utilized likelihood ratio testing to determine if adding a school level variable improved the
model. This model building process was necessary to determine if adding school level effects
improved the model. Most importantly, step two (full model) specifically addressed research
question number two.
The following equations pertain to building the models for research question number two.
The independent variable was the group (i.e. treatment or control), the dependent variable was
post-test.
Level 1: Yij = βj + β1 Preij + rij
Where Yij = post test score (Y) for student (i) nested in school (j), βj = mean achievement
score in school (j), β1 = slope relating pretest to post-test [this value does not vary by school],
Preij is the score of student (i) in school (j) on the pretest, and rij = residual of for student (i) in
school (j). The pretest scores were grand-mean centered for these analyses. The Level 2 model
can be depicted as follows:
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Level 2: βj = γ00 + γ1 Z1j + uj
Where βj is the adjusted mean post-test in school (j), γ00 is the overall adjusted mean
post-test for schools, Z1j is an indicator variable [0=treatment school, 1=comparison school],
γ1 captures the difference in means for the treatment and control schools, and uj is random error.
The full model is as follows:
Yij = γ00 + γ1 Z1j + β1 Preij + rij + u
Research question number three asked what differences existed in student motivation
(Attention, Relevance, Confidence, and Satisfaction) between students learning through
smartphones and students learning with printed materials.
Motivation can be affected by perceived performance on an exam (Keller, 2010).
Therefore, to ensure the students perceptions were directed solely at the motivation they received
from the instructional methods, the CIS was taken by the students as a prerequisite to the leaf
identification post-test. Both the treatment and comparison groups completed the CIS instrument
on Qualtrics and the data was instantly reported to the researcher by the Qualtrics system. The
independent variable was group (i.e., treatment or control). The dependent variables were the
four constructs of the ARCS (Attention, Relevance, Confidence, and Satisfaction) as well as the
overall Motivation score. Since the instrument was only completed one time at the end of the
study, the HLM could not control for prior motivation. An unconditional model was executed
and an ICC was calculated for each DV. The ICC revealed that all constructs in the scale
warranted HLM.
After calculating the ICC from the unconditional model, the HLM technique had three
steps. The first step produced the level one model which measured student differences in each
DV at the school level. The second step produced the full model which measured group level
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outcomes on the DV nested in schools. The third step utilized likelihood ratio testing to
determine if adding a school level variable improved the level one model. This model building
process was necessary to determine if adding school level effects improved the model. Most
importantly, step two (full model) specifically addressed research question number three.
The following pertains to building the models for research question number three. The
independent variable was group (treatment or control), the dependent variables were Attention,
Relevance, Confidence, Satisfaction and Motivation.
Level 1: Yij = βij + rij
Where Yij is the construct score (Y) for individual student (i) nested in schools (j), βij is the
mean construct score for a given school and rij is the residual of individual student difference in
construct score around the school mean. School names were deleted and each school was given a
school number to account for j in the analysis.
Full Model: β1j = γ00 + (GROUP) 1j + u1j
Where β1j is the mean construct score for treatment group schools, γ00 is the grand mean,
(GROUP)1j is the treatment group variable, u1j is the treatment group schools deviation from the
grand mean.
Full Model: β0j = γ00 (GROUP) 0j + u0j
Where β0j is the mean construct score for comparison group schools, γ00 is the grand mean,
(GROUP) 0j is the comparison group variable, u0j is the comparison group schools deviation from
the grand mean.
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Summary of Findings
Research Question One
Concerning the treatment group demographic data, it was determined that more than twothird (67.7%) were male. Results also established that most were White/Caucasian (77.3%) and
between the ages of 15 and 17 (82.8%). In terms of classification, 40.6% were in 10th grade and
32.3% were in 11th grade. Nearly one quarter (24.2%) were in their first agriculture class and
over half (59.4%) were taking their second agricultural class of their high school career.
In the comparison group, it was calculated that over three-quarter (79.3%) were male.
Furthermore, 65.9% were White/Caucasian and 25.2% were African–American. The majority
(84.4%) of comparison group students were between 14 and 16 years of age. In terms of
classification, 36.3% were 9th graders, 28.9% were 10th graders and 28.1% were 11th graders.
Nearly one-half (49.6%) were taking their first agriculture class and 34.8% were taking their
second agriculture class of their high school career.
Research Question Two
The full hierarchical linear model analyzed Achievement between groups as a function of
school while controlling for prior knowledge. No statistically significant difference (p > .05) was
found between the treatment and comparison group in tree identification achievement. As a
result, the researcher failed to reject the null hypothesis associated with research question two.
Research Question Three
The full hierarchical linear model analyzed Attention, Relevance, Confidence,
Satisfaction and Motivation between groups as a function of school. No statistically significant
differences (p > .05) were found between the treatment and comparison group in any
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motivational construct. As a result, the researcher failed to reject the five null hypotheses
associated with research question three.
Conclusions and Discussion
Student Personal and Educational Characteristics
Analysis of data concerning Louisiana agricultural education students concluded that the
majority of participants were male, White/Caucasians, and were between 15 and 16 years old.
The greatest number of students had completed one agricultural education course prior to the
study.
Achievement Differences between Smartphones and Printed Materials
Analysis of data concerning students using smartphones to improve leaf identification
achievement failed to provide a statistically significant difference when compared to students
using printed materials as determined on a multilevel analysis of post test scores. Consequently,
null hypothesis number one (H01) was not rejected. The mean score on the post-test for the
treatment group (46.0%) was slightly higher than the comparison group (42.8%). This finding
refutes research that suggests when students use more advanced functions on their phones for
learning, achievement gains are noticeable (Bennett, Maton & Kervin, 2008; Liu et al., 2015; Su
& Cheng, 2015; Liu & Huang, 2015; Thomas & Muñoz, 2016). Furthermore, this finding is
inconsistent with research that suggests formative assessment executed on mobile platforms
increases knowledge (Sly, 1999; Buchanon, 2000; Wang, 2007; Lu, 2008; Aldon & Dempsey,
2016). Results from this study support the notion that smartphones are not superior to printed
materials for learning in a student-centered approach (Chen et al., 2015; Traxler, 2007; Vacik et
al., 2006; Yuping, Xibin, & Juan, 2015). This study supports the Theory of Learning for the
Mobile Age (TLMA) which suggested that all ML factors are interconnected (Sharples & Taylor,
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2007), and consequently neglecting some factors (i.e. Communication and Control) in ML may
have negative effects on other factors (i.e. Objects, Tools, and Subjects). However, it is
important to point out that smartphones did not diminish student achievement in a studentcentered learning environment.
Motivational Differences between Smartphones and Printed Materials
Analysis of data concerning students using smartphones to improve learner motivation
failed to provide a statistically significant difference when compared to students using printed
materials as determined on a multilevel analysis of motivational constructs. Consequently, none
of the null hypotheses aligned with research question three were rejected. Although not
statistically significant, the comparison group reported higher ratings on all five motivational
constructs (Attention, Relevance, Confidence, Satisfaction and overall Motivation). These results
are inconsistent with findings that support the idea smartphones can increase learner motivation
(Burns-Sardone, 2014; Hwang & Chang, 2011; Jiao, 2015; Su & Cheng, 2015; Lin-Siegler,
Dweck & Cohen, 2016; Liu & Huang 2015; Traxler, 2007).
Implications
The results of this study indicate that using smartphones in the context of tree
identification does not improve achievement or learner motivation. One important implication of
this finding is that smartphones did not diminish achievement or learner motivation. Though not
statistically significant, the comparison group reported slightly higher motivation scores on four
out of five constructs measured by the researcher. Why did that happen? Perhaps the comparison
group had a learning experience that was more dynamic than the treatment group. Is it possible
that the learning methods used in the study were more engaging than what the comparison group
students had experienced in past agricultural courses?
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None of the treatment group schools were in their first year of BYOD, therefore, the
novelty effect of using smartphones for learning was minimal. All of the treatment students were
accustomed to using their phones in class from years of BYOD in their schools. Perhaps these
digital natives (Prensky, 2001) were desensitized to the smartphone and its effectiveness as a
motivator was negated. Were the learning curves for tree identification apps too much to
overcome? Did the treatment group experience frustrations due to slow internet connection or
some other common technological issue? Technology malfunction increases frustration and may
hinder learning motivation (Keller, 2010). Comparison group students used printed books which
may have been less frustrating to manipulate than smartphone applications. Perhaps it was more
frustrating to use the technology but more user friendly to flip pages in a book. Students in the
treatment group also lost learning time on the first day because they had to download the
applications and familiarize themselves with the apps. Did this effect their attitude by making
them feel like they were behind? Treatment group students were able to take formative tests 24
hours a day on their phones while the comparison group was limited to formative quizzes during
agricultural class. Did the treatment group students access the apps outside of classroom time?
Did the ubiquitous nature of the learning apps make the material boring for the treatment group?
Did the treatment group take the material for granted since it was always easily accessible?
Teachers in the treatment group could have been faced with integration barriers such as
student skill level, lack of time to plan, and technical support (Kotrlik et al., 2003; Coley et al.,
2015) that decreased their perceived value of using the specific apps used in this study. If so, the
teachers could have negatively impacted student motivation towards using the technology chosen
for this study.
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Though not statistically significant, the treatment group did score four percent higher on
the post-test than the comparison group. Why was it not even higher? None of the students who
completed this study demonstrated an extensive prior knowledge in forestry. The average pretest
mean was approximately 16% for all participants. Only 65 students made a score on the post test
that would be consider a C letter grade or higher. Why was that the case? Did they need more
time? Did they perceive the pictures on the formative assessments were not sufficient enough to
render a positive identification on the post-test? Did taking the tests on test generation software
cause any anxiety? Answers to these questions could bring meaningfulness of the low post-test
achievement scores.
The treatment group employed advanced smartphone functions instead of the basic core
functions of their phones (Liu et al., 2015; Thomas & Muñoz, 2016) to solve problems of
unidentified species of trees. Were these problems not meaningful enough (Leslie, 2014) to spark
student interest (Padeste et al., 2015) and inspire them to inquire deeper understanding
(Kuhlthau, Maniotes & Caspari, 2015)? The image sensing application Leafsnap allows students
to practice the 21st century skill of creating (Thomas & Muñoz, 2016) their own virtual leaf
collection inside the application (Su & Cheng 2015). Perhaps blending a virtual learning
environment (Kuznekoff, Munz, & Titsworth, 2015) via social media based on sharing (Moskal,
Dziuban, & Hartman, 2013) students’ leaf collections could have increased the treatment groups
leaf identification skills. Perhaps the students needed more interaction and communication with
one another through their mobile devices (Kukulska-Hulme, 2010) to solidify what they were
learning.
Students in both groups played formative assessment type games which were designed to
give students as many repetitions identifying the leaf samples as possible. The only difference in
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the games was paper index cards with names printed on them for the comparison group versus
the touch screen of a smartphone for the treatment group. Both groups also received live samples
from the researcher. Perhaps more than one study set should have been created by the researcher
on Quizlet and more appropriately, perhaps the students would have higher achievement if they
created their own study sets (Hwang & Chang, 2011; Jiao, 2015). Perhaps, the pictures were too
small on the phone screens to determine identifying characteristics of the leaf pictures on
Quizlet. Lastly, the teachers were facilitators of the groups but were not tree identification
experts. The recruitment of teachers eliminated those who were experts at teaching tree
identification. Were the students ready to teach themselves (Edelson, Gordin, & Pea, 1999)? Had
the previous educational experiences of the treatment group students prepared them for a
student-centered approach that focused on learning more than teaching (Kuhlthau, Maniotes, &
Caspari, 2015)?
Recommendations
Recommendation for Research
Although this study did not provide a statistically significance differences in leaf
identification achievement or motivation, optimism about the future of smartphones in secondary
agricultural education exists. Because the study only consisted of one lesson (tree identification)
and lasted 8 eight days, it should be replicated in a semester long time period that covers a more
diverse agricultural curriculum. Longer duration of smartphone use spread across lessons in
animal science, plant science, and agricultural mechanics may yield more substantial gains in
achievement and motivation due to the treatment. A delayed post-test should also be
administered to determine if either group retained leaf identification knowledge better than the
other.
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This research study analyzed data through the lens of the Theory of Learning for the
Mobile Age (TLMA) and focused more abundantly on the interaction between Objects, Tools,
Subjects, and Technology (Sharples & Taylor, 2007) and less on the factors Communication,
Context, and Control. Sharples and Taylor (2007) and the Task Model (see Figure 3) clearly
illustrate that all of the factors are interconnected. Also, this study operated in the technology
layer. However, the theory offered an abstract domain called the semiotic layer that attempts to
understand metacognition in ML research. Therefore, future studies in agricultural education that
employ ML as a theoretical framework should investigate the interconnected factors in the Task
Model and the more abstract constructs the semiotic layer offered by TLMA.
Recruitment efforts provided only a few potential treatment schools available for the
study due to school board policy. This eliminated the opportunity to randomly assign groups to
levels of the treatment. Consequently, teachers and students were sampled conveniently based on
their parish policy towards phones in the classroom. As society continues to embrace
smartphones as educational tools and school boards increasingly adopt bring your own device
(BYOD) policies, the potential to introduce this study to a larger sample may become possible. If
so, then teachers and students should be randomly assigned to the treatment to reduce the threats
to external validity this study likely experienced.
Students in the treatment group had the opportunity to practice formative assessments on
their smartphones 24 hours a day during the study. Smartphone applications like Leafsnap, Vtree, and Quizlet offered ubiquitous learning, but the question of whether or not the students used
it ubiquitously was left unanswered. Future research should measure student learning attempts
outside of formal class time to determine how much formative assessment repetition is related to
achievement.
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Future research should explore and compare various mobile operating systems and their
usefulness for learning. Some smartphone applications are only available in the Apple store and
some are exclusive to Android. Furthermore, assessments from web-based software like the one
used in this study (Test Generator Web by Fain and company) warrants investigation of its own.
Qualitative methods should be included to help determine what barriers agricultural education
students and teachers perceived when using smartphones in an inquiry based learning approach
to identify tree species.
The foremost challenge in information age schools is preparing students to thrive in a
technologically saturated environment (Kuhlthau, Maniotes & Caspari, 2015). Future research in
agricultural education should go beyond foundational knowledge achievement and incorporate
smartphones applications used for 21st century skills such as creating electronic portfolios and
posting demonstration videos online. Student collaboration was encouraged by the researcher but
was not required nor measured in this study. In the future, a mobile collaborative element needs
to be added to the research design that encourages students to discuss what is being taught
outside of the formal classroom.
Recommendations for Practice
Although this research did not produce a statistically significant finding, it does support
that using smartphones does not reduce achievement or motivation. Therefore, agricultural
educators can implement smartphones in their teaching (as policy permits) with confidence that
learning will not be impeded. In terms of preservice teacher education, university faculty should
consider adding student-centered smartphone applications into methods coursework.
Modern students in America are digital natives (Prensky, 2001) who prefer a studentcentered approach to self-directed learning that incorporates current technology (Jung, 2014).
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Though millennial students may be perceived as superior to some of their teachers in terms of
technological savvy, they still adopt their teachers’ attitudes and mimic their actions (Thomas &
Muñoz, 2016). Teachers should be mindful of this fact when discussing smartphones with their
students; especially if their attitude is negative towards using smartphones. Guided inquiry
success relies on a positive relationship between the guiding teacher and the exploring student
(Kuhlthau, Maniotes & Caspari, 2015). This relationship could be difficult to establish if the
teacher is negative towards smartphones. Research results support the concept that students most
often adopt the same smartphone features their teachers use most frequently in the classroom
(Obannon & Thomas, 2014). Therefore, agricultural educators who desire to incorporate
smartphones should seek out training that enhances their practice of smartphones in classroom
teaching.
Most teachers prefer to learn from others who have already mastered the nuances of an
innovation (Rogers, 2003). The same holds true for agricultural educators and smartphone
applications. Educational leaders should be strategic in creating opportunities for agricultural
educators to learn about smartphone applications from one another. Best practices for
agricultural teachers in Louisiana could be implemented at events that provide large gatherings
of agricultural teachers. These events include FFA career development events, leadership camps,
Louisiana Agriscience Teachers Association (L.A.T.A.) conference, State FFA convention, and
National FFA convention.
Major Contributions of this Study
Contribution to Literature and Research
This pre-experimental study is the first of its kind in the agricultural education literature
to determine whether smartphones affected achievement and motivation in the context of leaf
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identification. Though no statistically significant differences were found in achievement and
motivation, the findings suggest that smartphones do not decrease learning or motivation.
Practicing and pre-service teachers should consider the smartphone a learning enabler and should
consider implementing mobile learning into their pedagogy to increase variability in teaching
(Rosenshine & Furst, 1971).
This study did not ignore the individual differences that existed between students who
comprised the treatment and comparison group. Because the students were grouped within their
natural school setting, the synergy between students in the same school made them more alike
than students in the other schools (Raudenbush & Byrk, 2002). Furthermore, groups contained
clusters of students nested in 13 schools from 13 diverse communities across a very diverse state,
and therefore independence in test scores and self-selected motivational scores was not assumed.
Individual differences were accounted for statistically through hierarchical linear modeling
(HLM) (Raudenbush & Bryk, 2002). Failure to recognize the hierarchal nature of a nested data
set in educational settings may result in unreliable analyzation of data and even misguided
educational policy (Raudenbush & Byrk, 2002). Although no statistically significant difference
was found in achievement or motivation between the groups, 2 Log likelihood ratios (2LL) were
statistically significant (p < .001) between all level one and full models used in the data analysis.
This suggests that HLM was the most salient analysis for this type of nested data, and future
research in agricultural education should utilize HLM analysis when nested data exists. An
independent samples t-test was conducted on the dependent variable achievement for the purpose
of comparison to the results of the HLM procedure. No statistically significant differences
existed between the treatment and comparison groups as a result of the t-test.
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No teacher level factors were collected in this study. The only school level factor entered
into this data analysis was an identification number for each school that allowed the model to
adjust intercepts based on individual school mean scores. This aggregated the treatment as a
function of school and thus accounted for the previously mentioned individual differences due to
the nested data. However, if teacher level factors such as age, experience, certifications, etc. were
collected they could be entered into the model as a predictor at level two and potentially increase
the models accuracy to detect significant differences. Likewise, school level factors such as free
and reduced lunch data, geographic location, rural/urban/suburban, teacher to student ratios, etc.
could be assessed in future research and entered as a predictor at level two to more accurately
detect significant gains as a function of treatment by school and teacher. These types of teacher
level and school level factors added to a model allowed Raudenbush & Byrk (1986) to report in a
groundbreaking study that achievement differences in private and public schools were not
statistically significant. Had a traditional approach like ANOVA been used for that study,
individual differences and school level effects would have been ignored and results could have
been misleading. Lastly, when statistically significant differences are found with HLM, the
analysis also has the ability to detect which percent of the variance is explained by each
independent variable entered into the model. This positive aspect of HLM will allow future
agricultural education researchers to pinpoint salient variables accurately and provide more
meaningful recommendations which will positively impact the future of the profession.
Contribution to Practice
The findings of this study provide a very robust statistical analysis that failed to find
significant differences in achievement and motivation between students who used smartphones
and those who did not use smartphones. Most importantly, the findings suggest that smartphones
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are a valid learning tool because they do not diminish learning or motivation. Agricultural
educators should incorporate smartphones into their teaching practice without reservations of its
effectiveness as a learning enabler.
Final Thoughts
The researcher’s original recruitment attempt collected data from Louisiana agricultural
educators pertaining to local school board policy towards smart phones. Unfortunately, only
twenty teachers (representing seven parishes) reported policy allowing students to use
smartphones in agricultural classrooms for educational purposes. The data suggests that parishes
which allow smartphones lie in more cosmopolitan areas of the state. Only one rural parish
reported allowing students to use smart phones in the classroom. This study provides evidence
that smartphones do not diminish achievements gains nor decrease motivation to learn. It also
does not suggest that smartphones are a great improvement over conventional learning materials
in an inquiry based learning environment. Therefore, each school board in Louisiana should
approach their policy on student smartphones with an open mind and base their decision towards
banning phones on the needs of their particular student body. In terms of compatibility, students
are starving for the adoption of smartphones in the classrooms (Coley et al., 2015). The stand to
eliminate all cell phones eliminates the opportunity for well-managed classroom teachers to more
effectively reach the students of today in a means they so readily accept.
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Limitations
Finding from this study should not be generalized to any populations outside of the study
sample. School selection procedures were based on volunteers and school board policy.
Therefore, random assignment was not utilized to control effects of extraneous variables.
Experimental mortality did exist in this study as one teacher had to stop for personal reasons
after the pretest was administered. As a result, incomplete data existed.
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Appendix A

ACTION ON PROTOCOL APPROVAL REQUEST

TO:

Joey Blackburn
Agricultural & Extension Educ. & Evaluation

FROM:

Dennis Landin
Chair, Institutional Review Board

DATE:

August 12, 2016

RE:

IRB# 3754

TITLE:

Assessing the effects of mobile devices and apps as an instructional
delivery system to the tree identification achievement and student
motivation in Louisiana secondary agricultural students

New Protocol/Modification/Continuation: New Protocol
Review type: Full
Risk Factor: Minimal
Approved

X

Expedited X
X

Uncertain

Review date: 8/12/2016
Greater Than Minimal_

Disapproved

Approval Date: 8/12/2016

Approval Expiration Date: 8/11/2017

Re-review frequency: (annual unless otherwise stated)
Number of subjects approved: 200
LSU Proposal Number (if applicable):
Protocol Matches Scope of Work in Grant proposal: (if applicable)
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By: Dennis Landin, Chairman
PRINCIPAL INVESTIGATOR: PLEASE READ THE FOLLOWING –
Continuing approval is CONDITIONAL on:
1.
Adherence to the approved protocol, familiarity with, and adherence to the ethical
standards of the Belmont Report, and LSU's Assurance of Compliance with DHHS regulations
for the protection of human subjects*
2.
Prior approval of a change in protocol, including revision of the consent
documents or an increase in the number of subjects over that approved.
3.
Obtaining renewed approval (or submittal of a termination report), prior to the
approval expiration date, upon request by the IRB office (irrespective of when the project
actually begins); notification of project termination.
4.
Retention of documentation of informed consent and study records for at least 3
years after the study ends.
5.
Continuing attention to the physical and psychological well-being and informed
consent of the individual participants, including notification of new information that might affect
consent.
6.
A prompt report to the IRB of any adverse event affecting a participant potentially
arising from the study.
7.
Notification of the IRB of a serious compliance failure.
8.
SPECIAL NOTE: When emailing more than one recipient, make sure you use
bcc.
*All investigators and support staff have access to copies of the Belmont Report, LSU's
Assurance with DHHS, DHHS (45 CFR 46) and FDA regulations governing use of human
subjects, and other relevant documents in print in this office or on our World Wide Web site at
http://www.lsu.edu/irb
Institutional Review Board Dr. Dennis Landin, Chair 130 David Boyd Hall Baton Rouge, LA 70803 P:
225.578.8692
F: 225.578.5983
irb@lsu.edu | lsu.edu/irb
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Appendix B
Assessing the effects of mobile devices and apps as an instructional
delivery system to the tree identification achievement and student motivation in
Louisiana secondary agricultural students.

August 2016
____________________ has agreed to participate in a research study being
conducted by the Agricultural and Extension Education and Evaluation department at
Louisiana State University (LSU). This teacher was purposefully selected because of
school policy that allows students to use mobile devices for classroom learning. We ask
that you sign this letter of consent indicating that you are informed about the study and
support the teachers’ participation in this project.
Background Information: The purpose of this study will be to assess the effect
of using mobile devices (smartphone/tablets) in agricultural education on student ability
to identify trees (achievement) and interest.
Procedures: The following requirements have been identified as crucial to this
study.
The teacher will:
•
•

Administer a pre-test designed to measure preexisting knowledge via an online
testing software. This will require use of a computer lab.
Facilitate the downloading and usage of mobile apps used to identify leaf
samples of common Louisiana tree species, namely leafsnap©, V-Tree© and
Tree Book©.
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•

•
•

Facilitate the students in downloading the quizlet© app and creating a quizlet©
account which will allow them to join the tree identification class created by the
researcher. Through this app the students will take formative assessments.
Administer an instrument (survey) designed to measure student interest.
Administer a post-test designed to measure student achievement in tree
identification. This will require a computer lab.

Risks and Benefits:

There are no known risks associated with this study that would occur as a result
of participation. Perceived benefits include the knowledge of how using mobile devices
and apps effects students’ acquisition of tree identification knowledge and motivation to
learn.

Confidentiality:

Your school can be assured that the records of this study will be kept private and
any information obtained relating to you or your students will be kept confidential. Any
reports that are generated as a result of this study will remain confidential as well, and
not include any identifiers to you or your students. Since this is classified as a voluntary
study, your decision to participate will have no bearing on your current or future
relationship with LSU.

Contact Information:
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If you have any questions now or in the future regarding this study, please do not
hesitate to contact myself or the others listed below.

Dr. Joey Blackburn
225-578-7892
jblackburn@lsu.edu

Eric Smith Ph.D
candidate
225-578-6149
Hsmit63@lsu.edu

For any general questions concerning this research study, please contact Joey
Blackburn via email at: jjblackburn@lsu.edu or Eric Smith via email at hsmit63@lsu.edu.
If you have questions about subjects’ rights or other concerns, you may contact Dennis
Landin, LSU Institutional Review Board, at (225) 578-8692, irb@lsu.edu, or
www.lsu.edu/irb.

Please retain a copy of this form for your records

Statement of Consent:

I have read the above information and support the participation of the teacher in
this study.

_____________________

_______________________

__________

Printed Name

Signature

Date
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Appendix C
Assessing the effects of mobile devices and apps as an instructional
delivery system to the tree identification achievement and student motivation in
Louisiana secondary agricultural students.

August 2016
____________________ has agreed to participate in a research study being
conducted by the Agricultural and Extension Education and Evaluation department at
Louisiana State University (LSU). This teacher was purposefully selected because
he/she has received professional development on how to teach tree identification using
leaf keys and manuals. We ask that you sign this letter of consent indicating that you
are informed about the study and support the teachers’ participation in this project.
Background Information: The purpose of this study will be to assess the effect
of using mobile devices (smartphone/tablets) in agricultural education on student ability
to identify trees (achievement) and interest.
Procedures: The following requirements have been identified as crucial to this
study.
The teacher will:
•
•
•
•

Administer a pretest designed to measure preexisting knowledge via an online
testing software. This will require use of a computer lab.
Facilitate learning groups that utilize leaf manuals to identify 30 species of
common Louisiana trees.
Administer an instrument (survey) designed to measure student interest.
Administer a post-test designed to measure student achievement in tree
identification. This will require a computer lab.
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Risks and Benefits:

There are no known risks associated with this study that would occur as a result
of participation. Perceived benefits include determining the effectiveness of using leaf
booklets for tree identification and serve to explain student interest in learning tree
identification through the context of agriculture.

Confidentiality:

Your school can be assured that the records of this study will be kept private and
any information obtained relating to you or your students will be kept confidential. Any
reports that are generated as a result of this study will remain confidential as well, and
not include any identifiers to you or your students. Since this is classified as a voluntary
study, your decision to participate will have no bearing on your current or future
relationship with LSU.

Contact Information:

If you have any questions now or in the future regarding this study, please do not
hesitate to contact myself or the others listed below.
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Dr. Joey Blackburn
225-578-7892
jblackburn@lsu.edu

Eric Smith Ph.D
candidate
225-578-6149
Hsmit63@lsu.edu

For any general questions concerning this research study, please contact Joey
Blackburn via email at: jjblackburn@lsu.edu or Eric Smith via email at hsmit63@lsu.edu.
If you have questions about subjects’ rights or other concerns, you may contact Dennis
Landin, LSU Institutional Review Board, at (225) 578-8692, irb@lsu.edu, or
www.lsu.edu/irb.

Please retain a copy of this form for your records

Statement of Consent:

I have read the above information and support the participation of the teacher in
this study.

_____________________

_______________________

__________

Printed Name

Signature

Date
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Appendix D

I,_________________________________, agree to be in a study to see how effective
the tree identification curriculum in my agriculture class is. I will have to take two special
tests at the beginning and end of my agriculture class. I can decide to stop being in the
study at any time without getting in trouble.
Child's Signature:_____________________________ Age:______
Date:__________________
Witness* ___________________________________ Date:__________________
* (N.B. Witness must be present for the assent process, not just the signature by the
minor.)
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Appendix E
Project Title:

Assessing the effects of mobile devices and apps as an instructional
delivery system to the tree identification achievement and student
motivation in Louisiana secondary agricultural students.

Performance Site:

__________________ High School

Investigators:

The following investigator is available for questions,
M-F, 8:00-4:30 pm
Dr. Joey Blackburn
Department of Agricultural and Extension
Education and Evaluation. LSU
(225)578-7892

M-W, 8:00-4:30 pm
Eric Smith
Department of Agricultural and Extension
Education and Evaluation. LSU
(225)578-6194
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Purpose of the Study: The purpose of this study will be to assess the effect of using mobile
devices (smartphone/tablets) in agricultural education on student ability to
identify trees (achievement) and interest.

Inclusion Criteria:

High school student enrolled in Agricultural Education courses that are
NOT allowed by school policy to use mobile devices in the classroom.

Description of the Study:

At the beginning of your student’s agricultural education course,

he or she will be given a test to determine any preexisting knowledge of
tree identification. Your child will then learn tree identification by way of
printed leaf booklets that have leaf and tree illustrations and pictures. At
the end of the unit (approximately 5 days) your child will take a post test
on tree identification to measure tree identification achievement. Finally,
your child will complete a questionnaire pertaining to their interest in the
course. Your child’s test scores will remain anonymous to the researcher
and only aggregated classroom data will be reported

Benefits:

This study will help determine the effectiveness of using leaf booklets for
tree identification and serve to explain the effectiveness of teaching tree
identification through the context of agriculture.
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Risks:

There are no known risks.

Right to Refuse:

Participation is voluntary, and a child will become part of the study only if
both child and parent agree to the child's participation. At any time, either
the subject may withdraw from the study or the subject's parent may
withdraw the subject from the study without penalty or loss of any benefit
to which they might otherwise be entitled.

Privacy:

The school records of participants in this study may be reviewed by
investigators. Results of the study may be published, but no names or
identifying information will be included for publication. Subject identity
will remain confidential unless disclosure is required by law.

Financial Information:

There is no cost for participation in the study, nor is there any

compensation to the subjects for participation.

Signatures:

The study has been discussed with me and all my questions have been answered. I may
direct additional questions regarding study specifics to the investigator. If I have questions about
subjects' rights or other concerns, I can contact Dennis Landin, Chairman, Institutional Review
Board, (225) 578-8692, irb@lsu.edu, www.lsu.edu/irb. I will allow my child to participate in the
study described above and acknowledge the investigator's obligation to provide me with a
signed copy of this consent form.

Parent's Signature:________________________________
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Date:____________________

The parent/guardian has indicated to me that he/she is unable to read. I certify that I
have read this consent from to the parent/guardian and explained that by completing the
signature line above he/she has given permission for the child to participate in the study.

Signature of Reader:________________________________

Date:____________________
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Appendix F

Dear friends,

I want to thank you for indicating an interest in participating in the research study
I'll be conducting this fall. Your willingness to improve Louisiana agricultural education is
something I admire. My ultimate goals are to improve student learning and help ag teachers find
practical ways to facilitate learning. I promise you my best effort in meeting your individual
needs as this project continues.
I would like to invite you to the "Jim Bowie Room" at the Vidalia Conference
Center during L.A.T.A. on Tuesday July 26th at 9:30 a.m. for some initial training.
We will learn about the teachers role in this study, introduce the curriculum that has
been created, and determine needs for further training. Participation in the workshop is vital to its
success. If you are not attending the LATA conference, please make plans to attend the training.
I am a realist and understand the life of agriculture teachers in late July. If you cannot
attend this training, and want to still be included in the study, let me know via email and we will
arrange a place and time to meet.

See you soon,
Eric Smith
225-578-6194
esmith@nat.k12.la.us
LSU Agricultural Education
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Appendix I

216

Appendix J

LSU
l.Oll li AN r\ 8 I A’ll: Unl\’t- m;rn

The purpose of this questionnaire is to obtain information from students enrolled in
agricultural courses that teach forestry in Louisiana. This questionnaire is designed to
assess your perceived levels of motivation.

Your participation in this study is strictly voluntary and greatly appreciated. The information
you provide will assist Louisiana State University in evaluating students’ level of
motivation in an agricultural course that teaches tree identification. Therefore, your
responses are vital. However, you are not required to participate in this study. It is strictly
voluntary. Should you decide to participate in this study, please complete the
questionnaire.

Please type in your student number on question 1 of this questionnaire and not your name. Confidentiality
is guaranteed and no names will be associated with this study or its findings
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Thank you for participating in this important study.

Please enter your student number given by your teacher

What is your gender?

Male

Female
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What is your age?

13

14

15

16

17

18

19
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What is your current grade classification?

Ninth Grade-Freshmen

Tenth Grade-Sophomore

Eleventh Grade-Junior

Twelfth Grade – Senior
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Which of the following ethnicity represents you best?

White/Caucasian

African-American

Asian

American Indian

Hispanic

Other

221

Including your current class, how many agriculture classes have you taken?

1

2

3

4

5

6

7

8
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Appendix K

Instructions

1.

There are 34 statements in this part of the questionnaire. Please think about each

statement in relation to the instructional materials you have just studied, and indicate how
true it is. Give the answer that truly applies to you, and not what you would like to be true,
or what you think others want to hear.
2.

Think about each statement by itself and indicate how true it is. Do not be influenced

by your answers to other statements.
3.

Record your responses by clicking the answer that truly applies to you.

1. The instructor knows how to make us feel enthusiastic about the subject matter of
this course.

Not Ture

Slightly True

Moderately True

Mostly True

Very True

223

2. The things I am learning in this course will be useful to me.

Not True

Slightly True

Moderately True

Mostly True

Very True
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3. I feel confident that I will do well in this course.

Not True

Slightly True

Moderately True

Mostly True

Very True
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4. This class has very little in it that captures my attention

Not True

Slightly True

Moderately True

Mostly True

Very True
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5. The instructor makes the subject matter of this course seem important.

Not True

Slightly True

Moderately True

Mostly True

Very True
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6. You have to be lucky to get good grades in this course.

Not True

Slightly True

Moderately True

Mostly True

Very True
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7. In this class I try to set and achieve high standards of excellence
Not True

Slightly True

Moderately True

Mostly True

Very True
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8. I have to work too hard to succeed in this course.
Not True

Slightly True

Moderately True

Mostly True

Very True
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9. I do NOT see how the content of this course relates to anything I already know.

Not True

Slightly True

Moderately True

Mostly True

Very True
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10. Whether or not I succeed in this course is up to me.

Not True

Slightly True

Moderately True

Mostly True

Very True
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11. The instructor creates suspense when building up to a point.
Not True

Slightly True

Moderately True

Mostly True

Very True
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12. The subject matter of this course is just too difficult for me.
Not True

Slightly True

Moderately True

Mostly True

Very True
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13. I feel that this course gives me a lot of satisfaction.

Not True

Slightly True

Moderately True

Mostly True

Very True
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14. I feel that the grades or other recognition I receive are fair compared to other
students.

Not True

Slightly True

Moderately True

Mostly True

Very True
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15. The students in this class seem curious about the subject matter.

Not True

Slightly True

Moderately True

Mostly True

Very True
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16. I enjoy working for this course.
Not True

Slightly True

Moderately True

Mostly True

Very True
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17. It is difficult to predict what grade the instructor will give my assignments.

Not True

Slightly True

Moderately True

Mostly True

Very True
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18. I am pleased with the instructor's evaluations of my work compared to how
well I think I have done.

Not True

Slightly True

Moderately True

Mostly True

240

19. I feel satisfied with what I am getting from this course.
Not True

Slightly True

Moderately True

Mostly True

Very True

241

20. The content of this course relates to my expectations and goals.

Not True

Slightly True

Moderately True

Mostly True

Very True

242

21. The instructor does unusual or surprising things that are interesting.
Not True

Slightly True

Moderately True

Mostly True

Very True

243

22. The students actively participate in this class.

Not True

Slightly True

Moderately True

Mostly True

Very True

244

23. To accomplish my goals, it is important that Ido well in this course.

Not True

Slightly True

Moderately True

Mostly True

Very True

245

24. The instructor uses an interesting variety of teaching techniques.

Not True

Slightly True

Moderately True

Mostly True

Very True

246

25. I do NOT think I will benefit much from this course.

Not True

Slightly True

Moderately True

Mostly True

Very True

247

26. I often daydream while in this class.

Not True

Slightly True

Moderately True

Mostly True

Very True

248

27. As I am taking this class, I believe that I can succeed if I try hard enough.

Not True

Slightly True

Moderately True

Mostly True

Very True

249

28. The personal benefits of this course are clear to me.

Not True

Slightly True

Moderately True

Mostly True

Very True
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29. My curiosity is often stimulated by the questions asked or the problems given on the
subject matter in this class.

Not True

Slightly True

Moderately True

Mostly True

Very True
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30. I find the challenge level in this course to be about right: neither too easy not too hard.

Not True

Slightly True

Moderately True

Mostly True

Very True
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31. I feel rather disappointed with this course.

Not True

Slightly True

Moderately True

Mostly True

Very True
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32. I feel that I get enough recognition of my work in this course by means of grades,
comments, or other feedback.

Not True

Slightly True

Moderately True

Mostly True

Very True
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33. The amount of work I have to do is appropriate for this type of course.

Not True

Slightly True

Moderately True

Mostly True

Very True

255

34. I get enough feedback to know how well I am doing.

Not True

Slightly True

Moderately True

Mostly True

Very true
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Appendix N

Eight Louisiana High Schools having policy which allows students and teachers to use mobile devices in
the classroom will be purposefully selected to serve as the treatment group. Students will learn to identify leaf
samples of 30 common species of trees found in Louisiana using different mobile applications. The following apps
will be used to identify the leaf samples: Leafsnap©, V-Tree©, and Tree book©. Formative assessments will be
taken using the Quizlet© app which utilizes interactive touch screen matching and flashcard games.

Additionally, eight schools having policy which does not allow students to use mobile devices in the
classroom will be selected to serve as a control group. This group will use manuals containing illustration and
pictures to identify the leaf samples. Formative assessments will be taken by matching index cards containing the
tree names to the leaf samples.

Pretest-post-test control group will be the design for the proposed research (Campbell & Stanley, 1963).
The pretest is one created by the researcher which will be taken online via Test Generator Web created by Fain
and Company. The post test will be taken in the same manner. This software allows the researcher to upload
authentic photographs of leafs, then have the students answer the identification problem with multiple choice,
true/false, and fill-in-the-blank question formats. Test Generator will grade the exam and report the scores to the
researcher. Students will also take a course interest survey (CIS) developed by Keller (2006) to measure
motivation in an educational setting. Teachers will be encouraged to have students fill out the CIS one the first
day, at the midway point, and on the final day of the study.
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Appendix O

Hello teachers,

The devastation of the flooding event has affected all of Louisiana's citizens either directly or indirectly. Seeing
the ag teachers mobilize and communicate with each other to focus on recovery efforts via the listserv has made
me cautious about emailing anything pertaining to the research study I proposed to you all this summer. I have
talked to enough people personally to safely say that most of the schools that can return to normal are beginning to
get back to normal. Therefore, I am contacting all of you teachers who attended the workshop as the technology
group about our plans moving forward with the study.

I turned in the application to the LSU review board for approval of our research studies' procedures the day before
it started flooding. I thought it would take longer than it has to hear back from them, but I am glad to
announce that the university has approved the methods of the study. This means I have the actual permission slips
for your parents, administrators, and students approved by the university.
I am going to begin creating login usernames and passwords for your students. They will be generic in nature. For
example I will create the username "Pineville1" with a password of 12345, then "Pineville2", pass 12345 etc. I
need an estimated number of students we will be collecting data from for each school. Please do not send any
names, just a head count. You may use more than one class for the study. If you have three sections of Agriculture
II, you may teach the lesson in all three. You can teach the forestry lesson in any class where forestry makes sense.
(Ag. I, Ag. II, Ag. III, woodworks, forestry, horticulture, etc.)
I’d like to get together to finish the training. I predict that it will last no more than two and a half hours. Wayne
Oubre has agreed to host on Saturday, September 17th at Acadiana High. The address is 315 Rue du Belier
Lafayette, LA 70506 We will begin at 10:00 a.m., lunch will be provided. If neither one of those dates fit your
schedule, I will make arrangements to come to your school or meet you at a time that does fit and give you the
materials and training necessary. Everyone has to receive the same amount of instruction for this to be considered
sound research design.
My plan for the experiment is that I would like all schools to start with the pretest and preliminary survey on
Monday, September 19th. We should begin the lessons that day or the following day, and take the post-test and
final survey on Thursday, September 22nd.
If your principal needs more information about the study, give me their contact information (including email) and
I will be glad to discuss it with them. Thank you all for sticking with me this far. I look forward to creating a
dynamic experience for your students.
Have a great week,
Eric
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Appendix P

School name____________________
Day 1 Pretest
Monday September 19th, 2016
Directions: Please checkoff each item as it occurs during the instructional day. Feel free to
make any notes on this agenda. As well, there are note pages for each instructional day at the end of
this document.
□ 1. Give each student a copy of the tree ID scorecard. They will need the tree numbers from the scorecard
for the pretest fill in the blank items.
□ 2. Student logins will be issued by the teacher (they should already be written on the student number log
provided)
□ 3. Pretest should be taken at https://treeid.mytgweb.com
Students will have a 30 minute time limit on the pretest.
The pretest will contain 30 pictures to be identified by either: multiple choice, fill in the blank, and
true/false
If time permits introduce Powerpoint on the importance of forestry and leaf characteristics

Day 2
(Tuesday September 20th, 2016) Teaching the importance of forestry and leaf characteristics
□ 1. Powerpoint on the importance of forestry and leaf characteristics (maximum 15 minutes)
□ 2. Introduce 30 leaf samples and have students identify them on their own using the mobile tree
identification apps: leafsnap, v-tree, treebook, or other preferred application. Confirm the students are identifying
the species correctly and facilitate the proper use of the mobile apps.
□ 3. If time permits have kids go to their course in quizlet and take a tree identification quiz of their choice.
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Day 3
(Wednesday September 21st, 2016) Practice identifying leaf samples through formative quizzing
□ 1. Have students take informal quizzes of their choice on quizlet
□ 2. Allow students to finish identifying the samples using mobile apps
□ 3. Confirm they have correctly identified the samples using the mobile apps
□ 4. Take more informal tree identification quizzes on quizlet.

Day 4
(Thursday September 22nd, 2016) Practice identifying leaf samples through formative quizzing
□ 1. Have students take informal quizzes on quizlet
□ 2. Allow students to finish identifying the samples using mobile apps
□ 3. Confirm they have correctly identified the samples using the mobile apps
□ 4. Take more informal tree identification quizzes on quizlet

Day 5
(Friday September 23rd, 2016) Practice identifying leaf samples through formative quizzing
□ 1. Have students take informal quizzes on quizlet
□ 2. Allow students to finish identifying the samples using mobile apps
□ 3. Confirm they have correctly identified the samples using the mobile apps
□ 4. Take more informal tree identification quizzes on quizlet
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Day 6
(Monday September 26th, 2016) Practice identifying leaf samples through formative quizzing
□ 1. Have students take informal quizzes on quizlet
□ 2. Allow students to finish identifying the samples using mobile apps
□ 3. Confirm they have correctly identified the samples using the mobile apps
□ 4. Take more informal tree identification quizzes on quizlet

Day 7-9
(Tuesday September 27th – Thursday September 29th, 2016) Survey and Post-test window
If you missed a day of instruction for whatever reason, you can make it up during this testing window. If
you did not miss any instructional days, then please test on day 7. If you cannot finish the survey with enough time
left in class to begin and finish the post-test, then complete the survey and post-test on consecutive days. Make
any notes of any major changes or disruptions experienced during the instructional days on the last page of this
document.

Once a student begins the post-test, they have to finish. They are not allowed any retakes or restarts unless
there are technical reasons.
□ 1.All students participating in the study should take the online survey (this must be done before a
student can take the post-test!!!!) Access the survey at bit.ly/2ccdyXC
□ 2. All students participating in the study should take the post-test (make sure students all have a
copy of the scorecard before going to the computer lab)
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Notes of any major changes, modifications or disruptions experienced
Monday 9-19-2016
____________________________________________________________________________________________
____________________________________________________________________________________________
__________________________________________________

Tuesday 9-20-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________

Wednesday 9-21-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________
Thursday 9-22-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________

Friday 9-23-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________
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Monday 9-26-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________

Tuesday 9-27-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________

Wednesday 9-28-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________

Thursday 9-29-2016
______________________________________________________________________________________
____________________________________________________________________________________________
________________________________________________________
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Appendix Q
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Appendix R
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Appendix S
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Appendix T

How the Eight Component of Establishing Criterion Referenced Reliability (Wiersma & Jurs, 1990) were
Addressed by the Researcher
Component

How components were addressed

Homogeneous items

Photos were formatted to deliver the same size
picture of each leaf sample from an equal
distance perspective.

Discriminating items

Three types of questioning were used

Quantity of items

The test included 30 items

High quality test

Question format was given attention and
designed to be easily understood.
Multiple choice = Which of the following
trees is identified by this picture?
Fill in the blank = This limb is from a __ tree.
True/False = This picture is of a River Birch.

Clear directions

A student directions screen appears after
students log in and had to be clicked on before
students could begin the exam. Teachers also
delivered verbal directions to the students.

Controlled environment

Students had to log in to the test with a secure
name and password created by the researcher
and administered by the teacher.
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Participant motivation

Students were made aware of the purpose of
the study and that research results could
influence future policy.

Scorer directions

Tests were automatically scored and reported
by the Test Generator Web® software. The key
embedded in the program was determined
100% correct by the expert panel.
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Appendix U

Table 5
Unconditional Models Estimates of Covariance Parameters for Attention, Relevance, Confidence, Satisfaction
(ARCS) and Motivation (n = 263) and the Resulting ICC to Determine if Enough Variation Occurred Across
Schools to Warrant HLM Analysis of Course Interest Survey (CIS) Data
DV
Attention

Relevance

Confidence

Satisfaction

Motivation

Parameter

Estimate

ICC

Residual (σ2)

0.52

18.4%

School variance (τ00)

0.12

Residual (σ2)

0.62

School variance (τ00)

0.06

Residual (σ2)

0.43

School variance (τ00)

0.05

Residual (σ2)

0.58

School variance (τ00)

0.10

Residual (σ2)

502.00

School variance (τ00)

87.00
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9.2%

10.2%

15.0%

9.6%

Appendix V
Table 8
Means and Standard Deviation for Attention, Relevance, Confidence, and Satisfaction in Treatment and
Comparison Group (n = 263)
Group

Construct

Mean

SD

N

Treatment

Attention

3.24

.79

128

Comparison

Attention

3.42

.79

135

Treatment

Relevance

3.52

.85

128

Comparison

Relevance

3.60

.80

135

Treatment

Confidence

3.86

.69

128

Comparison

Confidence

3.93

.68

135

Treatment

Satisfaction

3.55

.82

128

Comparison

Satisfaction

3.61

.81

135

Note: mean scores ranged 1-5.

Table 9
Overall Motivation Summated Score and Standard Deviation in Treatment and Comparison Group (n = 263)
Group

Construct

Sum

SD

N

Treatment

Motivation

120.46

24.3

128

Comparison

Motivation

123.64

23.7

135

Note: Sum scores ranged 34-170.
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VITA

Henry Eric Smith was born in 1980 and raised in the Black Lake community near Campti, Louisiana. He
has taught agriculture at the same high school since 2003. He has a wife and two children. Eric is an avid
woodsman and enjoys teaching tree identification to his students. In his career he has trained 13 teams that placed
first in Louisiana in different Career Development Events (CDE) including forestry, agronomy, small engines,
public speaking and nursery/landscaping. At the National FFA Convention in 2013 the forestry team he trained
won national runner-up in the forestry CDE. Eric has taught countless students who are employed in the wood
products industry including foresters, global information system analysts, logging equipment operators,
mechanics, millwrights and production workers.
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